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EDITORIAL 


AGRICULTUEAL RESEARCH INSTITUTE, PUSA. 

The Scientific Reports of the Agricultural Research Institute, Pusa, for the year 
1924-25 give an interesting account of the work done therein. They show that the 
main aim of this Research Institute is to establish principles which can be applied 
to local problems by Provincial Departments of Agriculture. 

In the Botanical Section of the Institute, a new and promising type of wheat, 
Pusa 52, has received further trial, and has been found to compare well both as regards 
yield and rust resistance with Pusa 4 and Pusa 12 which have now an established 
position, more especially in the agriculture of Northern India. Pusa 52, moreover, 
is a bearded variety and is not therefore liable to damage by birds and animals. 
With a view to evolving a type of tobacco resembling American varieties in flavour, 
colour and smoking qualities, while possessing the hardiness and yielding capacity of 
the best Indian varieties, the American Adcock and Burley have been crossed with 
the well known l^usa Type 28. Very good results were obtained during the year in 
the curing of Burley by air-curing on racks, both with the split stem method and by 
stringing the leaves. Hybridization is being em])loyed for producing a large-seeded 
linseed with a root system adapted to the Gangetic alluvium. Work on pigeon-pea 
is proceeding on two lines, namely, the separation of unit species from the mixed 
field cro])s, and the isolation of a type wdiich will prove resistant to wilt disease. 
An experiment has been started during the year on the raising of sugarcane seedlings. 
The results will be awaited with considerable interest ; for, if the experiment is suc- 
cessful, it may be possible to discern, both earlier and more accurately, those types 
which are capable of withstanding the disease and climate of Bihar. 

In the Chemical Section, a successful method was worked out during the year for 
the preparation of dicalcic phosphate from apatite w^hich is found in abundance in 
parts of Bihar. The study of the movements of nitrates in the soil and the subsoil 
has been extended to four areas, treated as pasture, fallow, unirrigated cropped land 
and cultivated land receiving irrigation. The observations made during the year 
indicate that the distribution of nitrates in the soil, is profoundly modified by the 
growth of crops and the cultural operations which the field receives. Experiments 
on the windrowing of sugarcane showed that canes windrowed in the shade for 28 
days compared favourably in quality at the end of that time with the crop standing 
in the field, and germinated well also when planted. 

In the Bacteriological Section, it was ascertained that the fixation of nitrogen by 
algae alone can take place in India in liquid culture media. Ihirther experiments 
carried out during the year have shown that by means of comjibsting with sulphur 

D 
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the natural indigenous source of phosphate in the form of bones can be effectively 
utilized in place of imported superphosphate. The addition of a small cjuantity of 
charcoal to the compost was found to enhance the rate of solubilization. A success- 
ful trial was made in certain sugar mills of the use of electrolytic chlorogen (E. C.) 
for reducing bacterial fermentation of the juice and the formation of invert sugar 
resulting therefrom. A systematic bacteriological examination of the milk supplied 
by the Pusa farm gives good grounds for tlie belief that the production of milk with 
a content of bacteria falling well within the limits allowed for grade A milk in 
England demands only ordinary precautions, such as the use of covered milking 
pails and thorough steaming of pails, cans, etc. 

In the Mycological Section, an investigation has been started on a new disease 
reported from Lower Burma as being the cause of the death of young cinchona plants. 
The preliminary observations made indicate that neither fungi nor bacteria are res- 
ponsible for the symptoms which are probably physiological. 

The Entomological Section investigated a serious caterpillar pest of coconut in 
the Andamans. The remedial measures carried out involved the cutting and burning 
of the leaves affected with caterpillars, the destruction of cocoons and th^i capture of 
moths by light traps. Work on the life-history and distribution of Tabanida) was 
continued, and the possible transmission of rinderpest through the agency of certain 
dies was further investigated, in collaboration with the Director of the Muktesar 
Institute. 

In the Agricultural Section, much attention was again given to the trial of various 
fodder crops. An area of 9G acres of laud cropped with berseem gave an enormous 
yield and afforded excellent grazing for a herd of about 500 cattle from December to 
May. When the berseem crop was at its best the average milk yield of 78 cow's 
reached the record ligore of 18 Ib. per head per day, while the annual average of 
14*4 lb. per cow per day was higher than the previous year’s figure by 1*5 lb. 
These yields compare well with those of good dairy herds in more advanced coun- 
tries. From the experience gained in cattle-breeding on the Pusa farm we are 
now in a position to say (1) that the sire is prepotent in milk production (2) 
that the dry period of milch cows is shortened by weaning the calves from birth, and 
(3) that milk yield of dairy cows is largely increased when they are supplied with 
green fodder throughout the year. 

An experiment initiated during the year by the Imperial Dairy Expert with a 
view to ascertaining whether sterilized milk could be transported from Karnal for 
sale in Calcutta, a distance of over a thousand miles, proved successful. It is 
believed that the only way to solve the milk problem in urban centres in this 
country is to produce milk in rural areas, where the cost of production is com- 
paratively low, and to transport it to urban centres where it can be produced only 
at a prohibitive cost. 

The control of the Sugarcane Breeding Station at Coimbatore has now been 
transferred to the Imperial Department of Agriculture, and arrangements are being 



EDlTOklAL 


3 


made to acquire for the station an additional area of land with a view to breeding 
thick canes and developing the work on thin and rnediiiiii varieties. About two 
lakhs of seedling canes were raised in the year under report, a large number of which 
show very satisfactory vigour of growtli. As a result of the distribution of the 
three Coimbatore canes known as Co. 210, Co. 213 and Co. 214 from Piisa, the area 
under those varieties in Northern India has risen to 5,000 acres. There was a brisk 
demand for seed of these varieties in the year under report, and about a lakh of 
maunds \\as distributed from various centres. 

These Scientific Reports of the Imperial Department of Agriculture indicate that 
useful work is being done by various experts, and tliat a body of Iniowledge is being 
accumulated wliich will in (course of time prove of tJie V('ry greatest \ aJiie to agricul- 
ture — India’s premier industry. 



ORIGINAL ARTICLES 


THE LATE PROFESSOR HAROLD MAXWELL-LEFROY, M.A., 

F.E.S., F.Z.S. 

The news of the tragic death of Professor Harold Maxwell-Lefroy was received 
with a feeling of keen personal loss by all his old colleagues, lus many pupils and his 
numerous friends in India, where he was so well known and so much respected. 

Harold Maxwell-Lefroy was born on 20th January, 1877. He received his educa- 
tion at Marlborough College and King’s College, Cambridge, and in 1898 graduated 
with a First Class in the Natural Sciences Tripos. It was at the University of Cam- 
bridge that he came in contact with the great entomologist Dr. Sharj:), on whose sug- 
gestion he went to the West Indies and joined the Imperial Department of Agri- 
culture. There he started his career as an applied entomologist and laid the founda- 
tion of his future reputation. In the West Indies he served from 1899-1903, and 
did much valuable work. 

In April 1903, he was appointed to the Indian Agricultural Service as Entomo- 
logist to the (Tovernment of India (Imperial Entomologist) and joined at Surat. 
Ilis headquarters were transferred to Muzaffarpur in October 1904 and to Pusa in 
May 1905. The present Entomological Section of the Phipps Laboratories was 
organized under his su])ervision. He worked in this country for nine years and 
during this period contributed numerous jmpers on Indian Entomology and wrote his 
most useful book “ Indian Insect Pests ” (1906), and produced his monumental 
work Indian Insect Life ” (1910). In 1910 his first son died at Pusa, and this sad 
bereavement was the main cause of his leaving this country. He resigned his post 
on 30th November, 1912. 

On his return to England Maxwell-Lefroy was appointed the first Professor of 
Entomology at the Imperial College of Science and Technology, where he created a 
centre of entomological education and research which attracted students from all 
over the Empire and sent out trained entomologists to every corner of the world. 

During 1916-16, Maxwell-Lefroy revisited India as Imperial Silk Specialist and 
presented a report on the development of sericulture which will for ever remain a 
source of help and inspiration to those engaged on the extension of this industry. 

His services were secured by the Military Department in 1916 and with the 
rank of a Temporary Lieut. -Colonel he was attached to the Mesopotamia Expedi- 
tionary Force, and put in charge of the fly problem. 

During 1917-18, he was attached as Entomologist to the Royal Commission on 
Wheat Supplies. 
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He was the Honorary Curator of the Insect House, Zoological Gardens, London, 
for the last 12 years. 

Professor H. Maxwell-Lefroy had a very vast and varied experience of entomo- 
logical work and possessed an enormous store of knowledge based on personal obser- 
vations, and his death has made a breach in the rank of applied entomologists which 
it will be difficult to fill. 

His magnetic personality affected all who came in contact with him, and he infused 
in his co-workers and pupils the same enthusiasm for work which he himself posses- 
sed. Generations of students at the Imperial College of Science and Technology 
will hear of his zeal and enthusiasm for Entomology, his sympathy for his pupils and 
his anxiety to render every possible assistance to those who deserved it. In India, 
he will be long remembered by his co-workers as a generous officer and a perfect 
g(intleman. 

The treacherous darkness of the unknown has claimed many victims from amongst 
the ranks of scientists and one more name has now been added to the roll of honour. 
To a warrior death on the battle front is the greatest glory, and what death is more 
glorious than that of a warrior who, in pursuit of knowledge, falls fighting against 
the most terrible enemy of mankind — Ignorance, and Harold Maxwell-Lefroy was 
killed in action on 14th October, 1925. 


M. Afzal Husain. 



SOME RECENT ADVANCES IN THE PROTECTION OF CATTLE 
AND OTHER ANIMALS AGAINST DISEASE. 


[ Papers from the Imperial Institute of Veterinary Rksbaroh, Muktesar 

{Director, Mr. J. T. EDWARDS ; Secretary for Publications, Mr. S. K. 
SEN).] 

IV. 

JOHNE’S* DISEASE. 

CoNFiKMATiON of the existence of this disease (sometimes also called bovine 
paratuberciiloiis enteritis) as a serious limiting factor in some important herds in 
Southern India has prompted the early insertion, in this series of articles, of the 
routine instructions now issued by the Institute to correspondents interested in con- 
trolling it. The affection is one readily suspected by the history and appearance 
of the animal, for the symptoms are chronic wasting and diarrhoea which occurs per- 
sistently in sj)ite of good feeding and care. 

Johne’s disease is perhaps the most intractable contagious disease of cattle as 
far as treatment, jireventive or curative, is concerned, for the following reasons : — 

(1) The period of incubation, i.e., the time elapsing between the date of ex- 

posure to infection and the date when the clinical symptoms exhibited 
by the animal cause one to suspect the condition, is exceptionally long 
— six months or even much longer. 

(2) A considerable time before distinct (dinical symptoms are manifested, 

infected animals may void the causal organisms in large numbers in 
their faeces, and spread the infection to otlier, susceptible, cattle 
grazing on the same land. 

(3) The causal organism is highly rcsista?it, like the other pathogenic acid- 

fast bacilli, and hence pastures that have once become contaminated 
may harbour the infection for a long time, ])robably a year or longer. 

(4) Affected animals, especially during the earlier stages of the disease, very 

often appear to recover spontaneously, and one is therefore tempted 
to overlook the importance of the jiremonitory symptoms shown, 
viz,, sliglit intermittent attacks of diarrhma and unthriftiness followed 
by long periods of apparent good health. After the administration of 
a course of astringent medicine, such as copper sulphate, the appa- 
rent recovery of the treated animal is often very noticeable. Yet 
absolute recovery from the disease has never been proved authen- 
tically : relapses almost invariably occur, and hence an animal that 

( 6 ) 
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has once become infected is a boutcc of the greatest danger to the 
healthy cattle in a herd. 

Having the above facts now known concerning the disc^ase in mind, the points 
which have to be considered in devising measures for the control or eradication of 
tlie disease are the following : — 

i. Diagnosis of infected cattle. 

ii. Methods of dealing with the cattle (i) clinically affected with the disease, 

(ii) suspected to harbour infection as the rcvsult of the application of 
diagnostic tests. 

iii. Methods of preventing contamination of the healthy portion of the herd. 

1. Diagnosis. 

The greatest vigilance should be exercised in accurately diagnosing the condition 
as soon as it is susj)ected in a herd. When definite clinical sym))tomsare exhibited 
by any one animal a- considerabh'. ]>roportion of the herd may have already become 
infe(?ted, either from this animal or front a common source. Unless steps are taken 
to cheek the spread of the disease, clinical cases will then ap]>ear from tino;, to 
time, particularly if the animals have been pastured together on common ground, 
and from the experience of Western countries the herd is ruined as an economic 
conceni. Tlui following methods may be ado])ted to diagnose the disease - 

(a) Clinical The aninuils affected are m^arly always adult cattle, 

over two years of age. Tlu' long ])eriod of incubation usually ])re- 
eludes the a])pea ranee of clinical changes in younger animals. When 
siudi symptoms o(*(uir in younger animals they are usually due to 
verminous infestations. In this country tln^ only other contagious 
affection of adult cattle that may give ris(‘, coTomonly to slightly 
similar symptoms is coc(udiosis ; tuberculosis, which s(‘ts up chronic 
intestinal derangement in cattle in Western countries, appears to be 
extremely rare at the ])resent time in cattle in India. The sym]d-oms 
of Jolme’s disease in adult cattle are, briefly, intestinal derangeiiieut, 
indefiiiito in the time of its onset, intermittently f)bsercabl(‘. in the 
form of short attacks of mild diarrluea at the commencement, leading 
progressively to unthriftiness of the. animal staring coat, loss of 
condition in s])ite of an undiminished a])petite, then more or less 
persistent dia.rrha*a, with excretion of very fluid heces, without ])loody 
admixture, emaciation, and finally death from exhaustion. The 
whole train of symptoms may last several weeks or even months. 

(b) Post-mortem diagnosis. This is usually very easy. If one opens uj) the 

terminal portion of the small intestine, next to the ileo-csecal valve, 
the mucous membrane is found to be thickened and thrown into a 
series of prominent ridges or coTTugatioiis, somewliat reminiscent of 
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the surface of the brain. In acute cases that terminate fatally very 
early after the onset of symptoms these characteristic changes may 
not be readily detected. 

(c) Diagnosis by microscopic examination. This is also usually very easy 

in animals that have died of the disease. All that is necessary is to 
make a thin smear of the mucous membrane of the last few feet of the 
small intestine or of the caecum, stain for acid-fast bacilli in the usual 
way (by the Ziehl-Neelson method, counter-staining with methylene 
blue) and examine the smear under a high power of the microscope, 
with an oil immersion lens, for the presence of small acid-fast rods, 
which occur characteristically when they are nmnerous in large 
clumps or faggots easily recognizable against the dark blue back- 
ground. In most animals that die of the disease the bacilli are present 
in smears in large nmnbers, but in many animals they may be rare 
and unequally distributed, and so it may be necessary to examine 
several smears taken from different parts of the mucous membrane 
within a few feet of the ileo-csecal valve before convincing evidence 
is obtained of the presence of the bacilli. 

The above methods do not, however, enable one to arrive at an accurate 
diagnosis during the life of the animal, and hence the following two methods are 
applicable in this circumstance. 

(d) Diagnosis by microscopic examination of smears taken from the rectum. 

In a proportion of clinically affected animals, probably about twenty- 
five per cent,, the causal organisms may be discovered in smears 
made from the mucous membrane of the rectum. It should be remem- 
bered that examination of rectal smears is, therefore, by no means an 
infallible method of diagnosis, for animals that harbour enormous 
numbers of organisms higher up in the alimentary tract may fail 
to reveal any in the rectum. Nevertheless, the method is an in- 
valuable one and may be the only means available for obtaining 
confirmatory diagnosis in the living animal, without having recourse 
to slaughter, and it can thus lead to the definite establishment of 
evidence that the disease actually exists in a herd. A positive result 
obtained from the examination is definitely confirmatory, whereas 
a negative result does not necessarily exclude the existence of the 
disease. 

The method recommended for making the smears from the rectum is as 
follows 

A piece of mucous membrane, no larger in size than a pin’s head, is pin- 
ched off between the free edges of the finger nails of the middle, or 
second, finger and thumb. This operation requir^is a little dexterity. 
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After cleansing the finger nails of* one hand (the right hand usually) 
with Boap and water the forearm and arm are lubricated with soap and 
water, the hand introduced into the cavity of the rectum, and the 
rectal contents emptied. The hand is introduced again after cleans- 
ing, and with the tips of the middle finger and tluimb held in close 
apposition like a pair of pincers a minute area of mucous meml;)rane 
is sharply pinched off well forward in tlie rectal cavity. A slight 
difficulty now arises in withdrawing the hand, for the sharp contrac- 
tion of the anal sphincter would tend to wipe away tlie fragment 
of membrane unless special precautions were taken. The thumb and 
the middle fingers are therefore well flexed so that their ti])s rest in 
apposition in the hollow^ of the palm, while tlie index finger on one 
side and the third and fourth fingers on the other are stretched forciiily 
outwards so as to act as dilators of the rectum during tln^ act of with- 
drawal and protect the fragment of membrane from int(U’feronce. 
The fragment is usually found embedded under a finger nail or may 
rest on the distal portion of the finger. If the fragimait is covered with 
feecal material it should be washed gently with clean water. It is 
then taken up by means of the blade of an old scalpel and well teased 
out on the surface of one or more glass slides so as to form a moderately 
thin smear. Smears taken in this way are usually very clean and in 
a perfect state for exammation, while the animal itself is exposed to 
the minimum of injury. It is well to prepare for examination smears 
from fragments taken from two or three different parts of th(i rex^tum, 
on account of the unequal distribution of the bacilli. At least one 
hundred fields of the microscope should be examined in each smear, 
after staining in the usual way for acid-fast bacilli. The bacilli, 
when thev are found, are usually rare and occur as short delicate 
scattered single rods. Mistakes frequently occur in the diagnosis 
of smears containing rare bacilli. Observers are apt to confuse other 
acid-fast bacilli such as are normally found in the faeces (the so-called 
manure bacillus ”) and even bacterial spores with the true Johne’s 
bacillus. This error can usually bo obviated if the decolourizing agent 
employed in the Zielil-Neelson method consists of un alcoholic acid 
solution (such as three per cent, hydrochloric acid in methylated spirit) 
applied for a long time, about five minutes or longer, instead of the 
usual watery solution of acid, for the other organisms are usually not 
“ alcohol-fast,’' although they are acid- fast.” If w^orkers experience 
any difficulty in diagnosing the smears they are advised to forward 
them to this laboratory for confirmation. 

(e) Diagnosis by means of s fecial tuberculin {avian tuberculin). It has been 
found that cattle affected with Johne’s disease do not react when 
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tested with ordinary tuberculin (manufactured from tubercle bacilli 
of human or bovine origin) such as is used for the diagnosis of tuber- 
culosis infection. They respond, however, ^ when the tuberculin 
is prepared in an analogous maimer from tubercle bacilli of avian 
origin. A similar product can be prepared also actually from the 
bacilli of Johne’s disease, and this has been proved to provoke reac- 
tions in infected animals, but as the manufacture of this product 
is difficult and the reactions produced by it do not appear to be more 
pronounced, there is no appreciable advantage in employing it ovei’ 
avian tuberculin, which is more readily prepared. The dose of avian 
tubeTCulin recommended (8 c.c.) is somewhat larger than the dose 
of ordinary tuberculin (3 c.c.) usually employed in testing cattle. 
The reaction in Johne’s disease produced after subcutaneous inocula- 
tion displays the same hmtures as those seen in testing tuberculous 
cattle with ordinary tuberculin, and the test also appears to have 
the same limitations, but those limitations a])pear to be even more 
marked : cattle that are far advanced in the disease, or show dis- 
tinct clinical symptoms, may fail to exhibit a reaction. On the other 
hand, the test appears to single out infected animals long before clinical 
symiitoms become manifest. The test can also be employed by the 
so-called intraciitaneous,’’ or “ intradermal ” method, in the same 
way as this method is sometimes employed tor the confirmatory 
diagnosis of ordinary tubcu-culosis, by injecting a small dose (| c.c.) 
of the couccnta*at('.d tuberculin into one of the anal folds : the reaction 
is estimated by the degree of ]>rogreSsivc tJiickening of the injected 
fold, wliich is easily measured by comparison with the opposite fold, 
duiiug the ensuing 18 hours. Another defe(jt inherent to the use 
of avian tuberculin is that this reagent provokes a reaction in animals 
affected with ordinary tuberculosis, in much the same manner as ordi- 
nary tuberculin does, although ordinary tuberculin does not })rovoke 
a reaction in Jolme’s disease. In Western countries, where tuber- 
culosis is ram]>ant among herds, tills is a serious drawback to the 
employment of tlie avian tuberculin test for Johne’s disease, and it is 
usually recommended that the cattle should be tested first with ordi- 
nary tuberculin to eliminate the possibility of tuberculous infeiition 
and then, after an interval of a month, if tuberculosis has been ruled 
out, subsequently with avian tuberculin for the diagnosis of Johne’s 
disease. In this country, where tuberculosis of cattle appears to be 
very rare, this drawback to the ready application of the test is 
greatly reduced, and at the times of the year when animals do not 
exhibit marked diurnal variations in temperature due to climatic 
conditions, the test should be easy of systematic application. 



johne'8 disease 


11 


[Recent researches at Muktesar have tended to show that the above method 
of testing witli avian tuberculin is not always capable of furnishing 
unequivocal evidence as to the presence of infection in the tested 
animal. A (amsiderable projwtion of ap[)arently normal animals 
dis})lay suspicious thermal reactions to tlie subcutaneous test, A 
method tliat ap]>ears to be more promising is the so-called 
inti apalpebral (or “ 1. D. ]\”) test. This is ])erformed by injecting 
I c.c. of concentrate.d avian tubercmlin into the lower eyelid of 
one (say, the right) orbit, and, in order to ascertain tlie })ossi- 
bility of infection with tuberculosis, the same quantity of concen- 
trated ordinary (human) tuberculin into the lower (eyelid of the other 
(the left) orbit. Infection is indicated by the aj)pearance of a persis- 
tent swelling, wliich lasts three days and longer, in the tissues of the 
right eyelid, and a distinctly smaller sw(‘lling in th(^ left eyelid. If 
tlie swelling in the h‘.ft eyelid is more distinct than that of tlie right, 
tubercidosis is indicated. A transient swelling, disappearing after 24 
hours, is of no signifu'ance as regards infectioji. The test is carried 
out aloiit;, not concurrently with tho, subcutaneous or oilier tests.] 

11. Mk'J’HODS of DIOALIKG with CtVJTI F. 

(i) CJ ini calhj affected vnth the disease. In Western eountri(\s the advice fiirnish(‘d 
to an owner of clinically allecte<I faittlo would b(‘. simple : All cattle showing clinical 
symjitoins, known to be due to the bacilli of Johne’s disease, should he slaughtered 
fortliwitli to ])reveiit coutaminatima of the rest of tin'- herd ; or, if the carcase of the 
animal is likely to have any saleable value from the butc1u‘.v's staiul]H)iiit, an attem])t 
may be made to restore the bowel Conditions of the animal to th(‘ir normal state by 
dry stall-feeding and the adm ini stratum of a course, of astringents. An animal 
which is not far advanced in the dis('ase will then often ])ut on condilhm in a remark- 
able manner, and it should be sold for slaughter as soon as it irp]>roaches ])rinie condi- 
tion. In this country, iirocc'diire in this manner is ]>ret‘lude.(), and one would has e 
to eliminate the source of danger by c.oinplidc segregat ion of tln^ diseased animal — 
by housing it, or separating it far away fnaii all ]>()vssiljility of (•oiita.minating with its 
feoces the grazing land of healtliy cattle. In case of luilc.h cows in full profit 
it might be an econojuic advantage to stem the ])rogress of the disease in them by dry 
feeding and the administration of a dremdi daily consisting of copper sul])liate or 
ferrous sulphate 2 to 3 draednns, dilute sulphuric? acid 2 to 3 drachms, and water 
1 pint. 

(ii) Susj)ected to harbour infcciion as the result ojdhe of diagnostic tests. 

Cattle suspected to harbour infection as the result of having reacted to the avian 
tuberculin test should likewise be completely isolated. Tliese reactors are, however, 
very frequently animals in good condition that show no outward signs of any disease 
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and many ai)pear not to develop clinical symptoms for a very long time afterwards, 
and on slaughter in order to ascertain the extent of their infection it is often extre- 
mely difficult to. detect the bacilli of Johne’s disease in their intestinal tract. It 
would be unwise to dispose of these cattle completely from the herd as they might 
well remain profitable for a very long time. They should be fed as far as possible 
on dry food and given a prolonged course of astringents as soon as the slightest signs 
of diarrhoea appear. They should, however, be completely separated from the 
healthy cattle and on no account allowed to wander on to grazing land of these cattle. 

It might be said that segregation of many animals in this way would involve 
interminable hardship, particularly if contagious abortion existed at the same 
time in the herd and this disease also necessitated the application of segregation 
measures. On account of the serious consequences of the persistence of Johno’s 
disease it might be reasonably said that no measure is unduly harsh if it is desired 
that the herd should be kept together at all. Jf contagious abortion also exists, 
Johne’s disease should have prior attention, for contagious abortion is a self-limiting 
disease in that it tends to spend itself in a herd after a lapse of tw^o or three years, 
and the vaccination measures recommended by this laboratory (see Circular Ins- 
tructions 1. B. L. No. 103) should be adopted whenever segregation measures are 
impracticable to limit its spread. 

HI. Methods of preventing contamination of the healthy portion of the 

HERD. 

The main source, and perhaps the only serious source, of danger to the healthy 
animals is the pasture upon which have been voided the fa3ce8 of diseased animals, 
whether clinically affected animals or “ carriers ’’ in the incubation stage. Unfortu- 
nately, one has no accurate knowledge as to how long contaminated pastures remain 
infective or what are the best measures for destroying infection on contaminated 
pastures. It must also be remembered that sheep and goats may become infected 
with the disease, and so the pastures cannot be left over to these animals for a year 
or two in the hope that the danger to cattle will die out in the meantime. Horses, 
however, may be allowed to graze over the land with impunity. Pastures which 
are notorious for harbouring the infection in Europe are low-lying rich small fields 
adjacent to the main buildings of the steading, into which the cattle are frequently 
turned out for grazing at all times of the year. Congestion on pasture land would 
therefore seem to be an important factor in the spread of the disease. In fact, 
when Johne’s disease has made its appearance it would be a wise course to plough 
up all the land upon which cattle have been customarily congregated. It is most un- 
likely that treatment of the pasture with lime would have any appreciable effect in 
diminishing the infective material on it, for all the acid-fast pathogenic organisms 
are known to have a very high resistance towards caustic alkalis. The method of 
pasturing the cle^n ” animals can best be devised ^t the seaf; of the puthreak by 
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a responsible veterinary officer bearing the above facts now known concerning the 
nature of the disease in mind and having regard to the resources of the place in this 
respect. Having laid down a system of pasturing which reasonably precludes all 
danger to the healthy animals, steps should be taken to ascertain that the system is 
adhered to most rigorously ; for, accidental infection of one animal with this insi- 
dious disease may lead to a repetition of the original state of affairs in the relatively 
distant future. In order to safeguard against such accidents the avian tuberculin 
test might be repeated systematically upon all the clean cattle at least once a year. 

IV, The possibilities oe vaccination. 

Experience in Europe covering several >ears has shown that it is not easy to 
eradicate the very prevalent kindred affection of tuberculosis from herds by the 
apjdication of hygienic measures analogous to thos(‘ described above, and, furtlier, 
that th(i risk of rapid spr{‘-ad of the disease is ver}' considerable* if infection is in- 
advertently introduced into the cleaned ” herd. For iiiany y(‘,ars ])rocedures of 
va(’-cination against tuberculosis have ])een known, comprising, as the most com- 
monly described, (i) von Behring’s method, which consists in the i?itra venous imx'ula- 
tion of calves with the human type of tiibeivh*. bacilli (a niodilK'ation t<‘st(Hl and 
described by Mc.Fadyean and his colleagues consists i]i the administratio]! of the 
avian ty])e), and (ii) (Wilmette’s method, which consists in the administratiem of 
the bovine ty])e of bacilli attenuat(*d by r(^})eat(‘d subculture over a V(‘ry lojig ])(‘riod 
on artificial media containing ox -gall until the organisms lun e b(*come in(‘apable 
of B(^tting up any sym])toms of disease on inoeulation. The, ri^sults of th(‘ latter 
method a})])ear to be so ])romising that it has beem taken u]) for ado])tio)i u]>on r('- 
(jU(^st from stockowners by tin*. Ministry of Agriculture in ETigland. ran 
the arguments underlying the procedure of vaeeination. notably by the von Behr- 
ing method, would indicate that cultures of tJie avian type should ])rovok('. on inocu- 
lation the estahlishment of an immunity towards natural albutioii with Joline's 
disease, particularly from what has been stated in regard to reactivity to the so- 
called tuberculin tests above. Work in this direction has been eonumuiced ])y the 
laboratory. 


J. T. E. 



FLOWERING OF SUGARCANES. 

BY 

MANMATHANATH GHOSH, M.A., 
Ojjg. AgricuUiiral Chmid, Bihar and Orissa. 


SoGARCANES in flower are not looked upon with favour by a certain class of culti- 
vators. There is a prejudice against such canes arising out of a superstitious belief 
that flowering of canes in a field brings ill-luck to the owner of the field. The more 
intelligent of the cultivators seek ratiojiaby to e.xidain away the ])rejudice by observ- 
ing that the ajipearance of the flower is an indication of the deterioration of the 
cane and tliat the juice therefrom would iiot yield good gtir (unrefined, raw sugai). 
The class of canes generally grown by tlfem eil.her does not flower at all or more 
rarely produces flowers late in the sciison when they are already fully mature. 
Flowering is thus an indication that harvesting has l)een delayed and should have 
been dojie befoiti. These canes wlien in flower would therefore yield less juice which 
would also be riclHsi’ in glucose and cou8e(|uently the cjuality of gar made from it 
would suffer. Possibly their (ixperience of flowering cane is limited to only the latter 
class. Whatever may be the reason, superstition dies hard and this has resulted in 
some reluctance on the part of the cultivators to look with favour on some of tho' 
])ron\i8ing early arrowijig varieties which from tlic point of view of yield and richness 
of the juice com])are very favourably with those they are in tlie habit of growing. 

The Indian cultivators are not alone here and the belief is shared by the cultivators 
of other countries as well. Earle ^ refers to a similar beli(d among the Porto Rico 
cultivators and traces it to tlu! fact that arrowing frequently takes ])lace some time 
before harvest when, in the event of rain moistening the soil, shooting takes place 
with det(!rioration of sugar-content in the arrowrid ciamis. Venkatraman ® points 
out that the harm from flowering results chiefly from the 8to])page of growth in the 
main shoot and the sjiroutiug of buds immediately l)elow, resulting in a lower toimage. 
and froni the fact frequently noticed that the flowered canes develop a pith in the 
centre. These defects, he contends, may be of some account in the late flowering 
varieties, but are of no disadvantage in the case of early ones, which if cut soon 
enough are ])ra(.tically superior to the non-flowering varieties, in consideration of 
the higher ])urity and richness of the juice. Ijabarthe ® in Peru found that canes in 


^ Earle, 8uc;arcane varieties in Poito Kico. Keviewed by Purler in hif. fivgar Jour (19221 
XXIV, pp. 2.'}r)-2:f9. ' 

* Agri. Jour, India, XVllT, 5, p. 538. 

® Quoted in Agrl, Jour, India^ XVI, 6, p. 693. 
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flower contain a juice relatively poor in sucrose and rich in glucose. He also found 
less juice in the cane and a diminished weight of the crop after flowering so that 
the yield of sugar was much smaller. This experience is not, however, in agreement 
with that of most other observers who have found that the sugar-content of the 
juice remains stationary from the moment of the appearance of the flowers, and 
though the yield of juice may be smaller, in composition it may be richer in sucrose 
than in those plants of the same stock in which flowers have not appeared. 

Observations made at Sabour with Saretha canes planted in January 1924 and 
which came into flower in November of the same year, go to show that there is no 
indication of any decrease of weight in the crop due to flowering nor of any perce})- 
tible diiniiiution in the quantity of the juice yield. Tlic table below illustrates 
this. 


Table I. 


W eight oj 50 canes. 


J)at-c u[ (tutting 

J u llower 

N<U ihvn in ilowur 


Ifu 

lb. 

KM •2.) . 

55-;) 

46*5 

UOI Uu . 

rxy\) 

(ill 


(;o-7 

57-0 


ExiraHion resuUs. 


Date of cutting 

{ ' AN ES 

IN I-J.ONVKU 

(<ANES NOT THEN IN FT.OAV Ell 

PorcCTlt lgn of 
juice on rune 

Porcentaire of 
sugor on cane 

Pci'centagc? of 
juice on l uru^ 

Pc'rcrntagc of 
sugar on cane 

19*12-24 

62-5 

wen 

1)9 2 

12-71 

16-1-25 

61-2 

12 (»9 

55-7 

y-6:i 

26-2-25 

r>i t) 

11 97 

CM) 

10 49 


Analyses of the juice from samples taken l)otli from the canes already in flower 
and also from those in which flowers had not then a])])eared ^\ ere made from time to 
time from early December to the end of February. The results prove not simply 
a remarkable constancy in composition, but a steady improvement in richness and 
purity for a long time after flowering. By the end of February all the canes in the 
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field were in flower. It was after this that a deterioration was observed to have 
set in. The amount of glucose in the juice, which was negligible in the beginning, 
rose to a measurable quantity towards the end, and the quotient of purity began 
also to fall (Table II). 


Table II. 


Showmg the richness of thejuic£ of Saretha canes (in flower and not in flower). 


Date of analysis 

In flower 
or not 

Brix 

Sucrose 
jier cent. 

Glucose 
per cent. 

Glucose 

ratio 

Quotient of 
purity 

12-12-24 .... 

a 

17:{1 

10-28 

0-041 

2-f)0 

95 


b 

lS-51 

17-01 

traces 


95 

19-12-24 .... 

a 

18:{7 

10-75 

traces 


91 


b 

19-77 

J8-(i7 

traces 


95 

0-1-25 .... 

a 

icS-:{7 

15-97 

0-200 

1-20 

87 


b 

19-17 

18-21 

traces 


95 

10-1-2.5 .... 

a 

IK- 89 

1 7-2.4 

0-490 

2-78 

91 


b 

20-07 

19-75 

tra(*es 


95 

20-1-2.5 .... 

.a 

17-(}9 

1 (;-;i2 

traces 


9.4 


f) 

19-70 

18-94 

traces 


97 

(>-2.25 .... 

n 

17-91 

10-05 

traces 

! 

9.4 


b 

20-;{l 

19-95 

traces 


98 


a 

1 9-4 1 

18-20 

tract's 


94 


1. 

20-44 

19-04 



94 

20 2-25 .... 

a 

18-77 

17-48 

traces 


9.4 


l> 

21-04 

19-04 

0-740 

.4-77 

[ 9.4 


a — Sarnj)lt‘(l from canes not in flower. 
b---»Sain jilcd fron» canes already in flower. 

In i)oint of riclincss and purity of the juice the canes in flower maintained their 
superiority over those not in flower. That the latter wore not immature canes 
could be judged from the notable absence of glucose in the juice. There are many 
factors which influenco the purity and the sugar-content of the juice of a cane, 
notably climate and conditions affecting the growth. A cane growing under condi- 
tions which arrest growth attains a striking juice-richness not found under normal 
conditions. For instance, Khari cane after a long period of drought gave juice 
containing about 19 per cent, of sugar, while the same cane when the conditions were 
more favourable to growth gave only 16 per cent, of sugar in the juice. Similarly, 
Eeorha, which is notably a late cane, generally coming into maturity in early March, 
imder water-logged conditions ripened in early December, yielding a juice of remark- 
able purity and almost entirely free from glucose. The first cane to flower in a clump 
is usually the best developed, but perhaps because the appearance of flowers is 
indicative of the arrest of growth, the juice yielded in the tests described was both 
purer and richer in saccharine content than that obtained from plants which had not 
yet flowered and in which growth went on as usual. 
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^inother interesting point that was noticed with the flowering canes was the effect 
of climate on the composition of the juice. In a sub-tropical climate frequent 
changes are common and influence the growing period of a cane. Sudden setting-in 
of cold weather gives a set-back to the ripening processes working in the cane which 
then yields a more watery juice. This retardation Stubbs ^ attempted to explain 
by suggesting that severe cold killed the cane cells, causing an intermixture of the 
different kinds of sap wliich then decomposed. This year there was a cold spell 
lasting over a week in early January which lowered the sucrose content of the non- 
flowering canes, but did not seem to produce any effect on the flowering ones. The 
latter appear to bo more able to resist the effects of cold than those wliich are still 
growing. 

These tests, therefore, prove that the flowering of sugarcane is not necessarily 
detrimental to the yield of sugar. On the contrary, an early arrowing variety comes 
into maturity early and by standing on the field without luidergoing any change 
in the composition of the juice until all the canes have flowered lengthens the reaping 
season, and is, therefore, more favourable to the cultivator who can choose his time 
for harvest. 

^ Louidiatta Expt. Etn* Bull. 37. 
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FACTORS AFFECTING THE COST OF FOOD FOR MILK 

PRODUCTION. 


BY 

¥. J. WAKTH, M.Scj., 

Physiological Chemist, Imperial Department of Agriculture in India. 

It is easy to understand that alterations in the total millc yield, in the length 
of the lactation period or in tlie length of the dry ])eriod, will make a difference to 
the total cost of food for milk production, but such information is of no practical 
use unless we know the quantitative effect of these factors upon tlie cost. In an 
enquiry carried out at Bangalore in 1924 the food consumption of eight cows in 
milk was accurately determined during a period of 154 days. With these figures 
it is possible to study the quantitative values of the factors mentioned above. Tlie 
food consumed by each cow during the entire test of 151 days is shown in t he accom- 
panving table. 

Table I. 


Total food consumption {in lb.) in 154 days. 


1 

Cow No. 

Hay 


Liucrne 

.Mixture 

Cl'ouiul- 
11 ut ( ake 

Bi(‘ wer’s 
giaius 

No. 1 .... 

i,a22 

4,028 

594 

2,008*5 

404:} 

1,702 0 

2 

1,21(> 

5,292 

200 

7.55*8 

:}8i*o 

1,702*0 

„ n .... 

9,00 

4,290 

579 

012*2 

;}:}i-9 

l,7(i20 

,, 4 

8()S ' 

5,075 

594 

8 18*8 

:}(K)*i 

l,7(i2*() 

,.5 .... 

H8o 

5,120 

594 


:}59*4 

1,70.20 

G .... 

900 

5,081 

594 

479*7 

285-:} 

1,702*0 

,, 7 .... 

1 ,057 

.5,581 

594 

1,120*:} 

:}9i*9 

1,702 0 

.,8 .... 


5, .552 

594 

840 a 

:i80*3 

1,702*0 

('ost por 100 lb. in rupees 

1-1-2 

2-0-71* 

0-12-0 

0-8-0 

4-15-9 

5-11-5 

o-i:}-4 


* Two prices for hay of aj)proxiinateIy equal quantity are quoted. 


It should be mentioned that the cows were given as much hay and silage as 
they would eat. Concentrates were provided in amounts needed to make up their 

( 18 ) 
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full estimated requirements of nutrients, that is to say, the concentrates were given 
roughly in proportion to the milk yields. In the same table is shown the local cost 
of each food ingredient. Hay from two sources was available at different times. 
In quality the two samples did not differ appreciably, but in price one was prac- 
tically double of the other. Both prices will be considered. From the quantities 
consumed and with the market rates given, the cost of the different items of each 
animars ration has been calculated. The results are shown in Tables II A and 11 B. 

Table II A. 


Cost {in rupees) of food consumed. 



1 

■NTo. 2 

Ho. 3 

Ho. 4 

Ho. 5 ' 

Ho. C 

Ho. 7 

«■<*. 8 

KOUgllAKO — 

Hay (l(tw rate) 

1412 

13-05 

10-24 

9-31 

9-50 

9-06 

11-33 

10-44 

Silago . 

80-21 

30-00 

32-18 

38-05 

38-40 

38-11 

41-85 

40-14 

L\jc<>rnc 

2-97 

1-30 

2-00 

2-97 

2-07 

2-97 

2-97 

2-97 

Total 

47-80 

54-04 

45-32 

50-33 

60 87 

60*74 

56-16 

53-55 

Concentrate 

Mixtiiie 

09-91 

36-71 

30-ri3 

42-32 

42-22 

23 02 

55-87 

41-90 

calc.^ . 

23-10 

21-01 

19-14 

20-50 

20-51 

16-30 

22-39 

21-87 

Ilivwer’f? j;niins 

14-07 

14-07 

14-07 

14-07 

11-07 

1 4-07 

14-07 

14-07 

To'ial 

187-08 

73-32 

01-34 

77-58 

77-43 

54-89 

92-93 

78-44 

TOT AT. UATTON 

181-98 

127-30 

109-OG 

127-91 

j 

12S-30 

lt)5-63 

149-(8 

131-90 


Table II B. 


Cost {in rupees) of food consumed. 



' Ho. 1 

1 

m 

Ho. 3 

Ho. 4 

H<>. 5 

H<k 0 

HH 

H.». H 

Jtougliago— 

Kay (higli rate) . 

20-90 

24-80 

19-47 

17-70 

18*05 

18-35 

21-54 

19-84 

Silage . 

SO 21 

30-00 

32-18 

38-05 

38-40 

38-11 

41-85 

40*14 

Lucerne 

2-07 

1-30 

2-00 

2-97 

2-97 

2-97 

2-97 

2-97 

Total 

00-14 

05-85 

54-56 

68-72 

69-42 

59-43 

06-30 

0*2-05 

Concentrate , 

187-08 

73-32 

04-34 

77-58 

77-43 

54-80 i 

92*03 

78-44 

TOTAL RATION. 

197-82 

139-17 

118-89 

1 

136-30 

130-86 

114-32 

159-29 

141-89 
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In these tables it will be noticed that the cost of concentrate increases rapidly 
with increase in milk yield. This merely shows that concentrates were fed in pro- 
portion to the milk yield, as stated above. The increase in concentrate over rough- 
age is necessary for heavy milkers, because the capacity of the digestive system sets 
a limit to the amount of food which can be consumed, and if the food is to produce 
much milk it must provide a corres})ondingly large amount of digestible nutrients, 
i.e., the proportion of easily digested concentrates must be Increased. In the Ban- 
galore experiment the cost of roughage eaten was more or less the same for all the 
animals, the highest and lowest figures being Rs. 56 and Rs. 45. The cost of con- 
centrate, on the other hand, ranged from Rs. 1B7 for the highest yielder to Rs. 65 
for the lowest yielder. The cost of food has now to be considered in relation to 
the milk yield. This is shown in Tables III A and III B. 


Table III A. 

Cost (in rupees) oj food 'per 100 Ur unlk (with lov) j.riced hay). 



No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 

No. 7 

No. 8 

Milk yirld in ii,. 

5,401 


H 

ijlllllQQ^ 

3,464 

2,452 

4,060 

3,745 

llouv!lmgt‘ per 100 11.’ . 
milk. 

0-866 

1-655 

1 

I 1-570 

1-511 

1-468 

1 

2-060 

1-383 

1*430 

Coneeiitratc pei JOO 
10. milk. 

2-521 

2-246 

2-220 

1 

2-328 

Dj 

2-239 

2-280 

1 

2-095 

total ration per 100 
lb. milk. 

3-387 

3-901 

I 

3-790 

i 3-830 

3-703 

4-308 

i 

3-672 

3-525 

Order of milk yield , 


6 

7 

5 

mm 

8 

2 

3 

Cost of roughage 



6 

5 

HI 

8 

2 

.3 

Cbstof whole ration 

Hi 

Hi 

Bi 

HI 

Hi 

8 

3 

‘.i 


Table III B. 

Cost (in rupees) of food per 100 Ik milk (with high priced hay). 



No. 1 j 

No. 2 

No. 3 

No. 4 

N<'. 5 i 

No. 0 


No. 8 

Koughage per 100 lb. 
milk. 

1-101 

2-017 

1-800 

1-702 

1-715 

mm 

1-635 

1-081 

Concentrate per 100 
lb. milk. 

2-521 

2-240 

2-220 

2-328 

2-235 

2-230 

2-280 

2-095 

Total ration ter loo 

LB. KILE. 

3-622 

4-263 

4-110 

4-000 

3-950 

4-003 

3-924 

8-776 


The most striking and significant fact brought out by these tables is 
that the cost of food per 100 lb. of milk is lowest with the high yielding cows* 
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Looking at the order of milk yield and the order of the cost of the entire ration, we 
find a very close parallelism. The cost increases quite regularly as the yield de- 
creases, It is worth while at this point to refer to Table IV, column 3, in which the 
cost of unit weight of each cow s ration is compared. It is seen there that for equal 
weights the heavy milkers’ rations are much more costly. The economy in cost of 
production shown in Tables III A and III B has, tlierefore, been attained in spite 
of the higher cost of the food given to the good milkers. This is a striking testimony 
to the far-reaching effect which the milk yield exerts upon the cost of food for its 
production. Rs. 3*39 and Rs. 4-31 j)er 100 lb. of milk for the highest and lowest 
yielders are instructive figures. Both tables show further that of the two ])arts 
of the ration the cost of the roughage increases very regularly and the cost of the 
concentrate decreases somewhat irregularly with decreasing milk yields. The 
extent of these increases and decreases governs the total food cost of the milk. 

We have now to compare Tables III A and 111 E with one another to determine 
the effect of alterations in the cost of the roughage. In the first place, the rise in 
price of hay increases the cost of milk to a small extent, namely, by 4 to 6 annas 
per 100 lb. It is, however, much more important to notice that as the cost of rough- 
age falls the difference in the cost of milk production between high and low yielders 
becomes less. Comparing cows 1 and 6, for exam})le, we find that decrease in the 
cost of hay brings down the food cost for cow No. 1 by Re. 0*235. For cow No. 6 
the cost is reduced by Re, 0*355. This advantage gained by the low yielding cow 
is of course due to the fact that a greater proportion of her food consists of roughage. 
Therefore, a reduction in the cost of roughage makes more difference to the total 
cost of her ration. These figures show that when roughages are very low in price 
compared with concentrates, low yielding cows may be ke})t profitably. Con- 
versely, when the cost of roughage is relatively high compared with concentrates, the 
high yielding cow becomes more and more profitable. With concentrates and 
roughages at our prices the high yielding cow is decidedly more economical. The 
prices quoted for our concentrates are by no means low for India. They must be 
relatively lower in many localities, and in such places the advantage of the high 
yielding cow would be still more marked. If rations similar to those used at Ban- 
galore are employed, it is a simple matter to prepare a table of costs on the lines 
of Table III to effect a comparison. The table gives an instructive insight into the 
food economy for milk production. 

As mentioned above, the most important fact brought out by Table III is that 
the high yielding cows, to whom a more expensive ration was fed, produced milk 
more cheaply. This can only be accomplished by a greater milk production from 
a given quantity of food. To examine this point we must first express all the food 
ingredients used in the ration in some commensurable unit. For this purpose it is 
convenient to consider each ingredient as a source of organic matter. We can add 
together the organic matter contained in each ingredient and thus obtain the weight 
of the n^ixed ration expressed in one single quantity— the weight of organic matter 
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consumed. As the protein content of each ingredient is known, the total protein 
consumed can also be found by calculation. The ration simplified for compara- 
tive purposes in this way is shown in Table IV. Food being valued solely on ac- 
count of the organic matter it contains, the total cost of the organic matter is the 
same as the cost of the entire ration, which is given in Table II A. Hence the cost 
of 100 lb. of organic matter consumed by each cow is found. 


Table IV. 


Total oonsttmbd 

Cost of 100 lb. organic 
matter consumed 

CONSFMBD rm LB. MTT.K 

Protein 

Organic matter 

Protein 

Organic Tn:>ttor 

lb. 

lb. 1 

Rs. 

lb. 

lb. 

C91it 

4,57.1-7 

4*109 

0-127 

0-837 

494-6 

3,(i21-9 

3*552 

0-152 

MO) 

449-6 

3,087'0 

3-654 

0-156 

l-0('.9 

508-7 

3,440-8 

3*804 

0-153 

1-033 

508-7 

3,461-4 

3-792 

0-147 

0-099 

417-6 

3,096-2 

3*508 

0-170 

1-262 

574-1 

3,954-0 

3-845 

0-141 

0-974 

62;i-9 

3,600-0 

3-749 

0-140 

0-9CI 


Table IV brings out two important points. Firstly, it shows, as might be ex- 
pected, that the high yielders consumed much more food, expressed as organic matter, 
than the low yielders. Cow No. 1, for example, consumed 60 ])cr cent, more food 
than cow No. 4. Secondly, the table shows that the food of the high yielders was 
more costly. The cost of equal amounts is seen to be practically inversely pro- 
portional to the yield. The high yielding cows consumed more and also their food 
was more costly, weight for weight. How then did they produce milk more cheaply ? 
It was accomplished by a very much higher milk production per unit of food consum- 
ed. Columns 4 and 5 rnake this quite clear. It is in fact the figures of these two 
columns that make possible the economical results which were found for the heavy 
milkers in Table III. The figures of columns 4 and 5, however, raise another ques- 
tion. Are we to conclude from them that a high yielding cow can actually manu- 
facture much more milk from a given amount of material ? The fallacy of course 
lies in the assumption that all the food consumed is utilized for milk production. 
This is not so. To begin with, only part of the food consumed is digested. Only 
t;he digested food is used and it is used for two main purposes. Part of it is expended 
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in supporting the animal’s vital activities, i.e., for maintenance, and the halanre 
remains for the production of milk. To detemine exactly what is required for 
milk production, we must, therefore, first find out how much food is digested, and 
from this we must deduct the amount used for maintenance. The digestive capa- 
cities of the cows are known, and therefore we can calculate the proportion of the 
total ration which they digested. The amounts of digested protein and organic 
matter are shown in Table V. 

Table V. 


Protein and organic matter for maintenmiee and mill' prodtietion. 




Digested 

Required 
for main- 
tenance 

Balance 
for milk 

Ueed per 
lb. milk 






lb. 

lb. 

lb. 

lb. 

No. 1 . 


Protein 



‘120-7 

98-3 

322-4 

0-069 


Organic matter 



2,630 0 

1,0680 

1,662 0 

0-286 



protein 



295-8 

I031 

192-7 

0-051) 

No. 2 . 

1 

Organic matter 



1,970-3 

1,101-8 

868-5 

0-266 


(■ 

Protein 



279-0 

90-7 

182-9 

0063 

No. 3 . 

1 

Organic matter 



1,867-7 

1,066-7 

812-0 

0-281 


r 

Protein 



300-1 

70-3 

223-8 

0067 

No. 4 . 


Organic matter 



1,892-6 

901-7 

990-8 

0-297 

f 

Protein 



294-J 

80-4 

207-7 

0-0(i() 

No. 5 . 


Organic matter 



1,802-2 

978-7 

883-5 

0-266 



Protein 



240-1 

89-3 

170-8 

0069 

No. C . .-( 


Organic matter 



1,762-6 

1,000-8 

751-7 

0-307 


r 

Protein 



364-2 

98-6 

255-6 

0063 

No. 7 . 


Organic matter 



2,263-8 

1,069-5 

1,184-3 

0-292 



Protein 



314-8 

92-0 

222-8 

0-060 

No. 8 . 

L 

Organic miitter 



2,050-0 

1,020-9 

1,035-1 

0-276 


The maintenance requirements of cattle have been determined by exjieriments 
with bullocks. The bullock results can be employed for calculating the mainten- 
ance reqTtirenients of our cows. The figures obtained by this calculation are shown 
in the second column of Tabic V. By difference the balance remaining for milk 
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production is found. This is shown in the third column. Dividing this by the 
milk yield we obtain finally the amounts actually used for the production of 1 lb. 
of milk. Table V contains important information. It shows, in the first jfiace, 
that the maintenance requirement absorbs a large proportion of the food digested. 
One-third to one-fourth of the protein goes to maintain the animal, and of the or- 
ganic matter in many cases more than | is expended in the same way. The figures 
show in a striking manner that economy in milk production depends upon the ability 
of the cow to consume more than a maintenance ration. The more she can consume 
above this amount, the greater will be the proportion available for milk. The figures 
for cows 1 and 6, the best and worst milkers respectively, make the point clear. 
No. 1 digested 2,630 lb. of organic matter. For maintenance she required 1,068 
lb., which left a balance of 1,562 lb. or nearly 60 per cent, of the digested food for 
milk formation. No. 6 digested only 1,752-5 lb. Her maintenance requirement 
was lower than that of No. 1, and yet the balance available for milk production is 
only 751*7 lb. or 43 per cent, of her digested food. Another important lact we 
learn from the figures of the last column is that the net food requirement for the 
production of 1 lb. of milk is not related to the milk yield. It is found to be much 
the same for all the animals. The differences arc small on the whole and can l)e 
largely accounted for by the fact that the maintenance requirement is hardly ever 
exactly equal to the computed standard amount. The figures show, therefore, 
as well as can be expected, that the net requirements for milk production are ap- 
proximately the same for all cows. This statement requires some qualification. 
In the first place the quality of the food makes a difference, because, according to 
quality, more or less energy is expended in digestion. Cow No. 6 received decidedly 
lower quality of food than any of the others (see proportion of roughage to concen- 
trate in Table II) ; her higher requirement per lb. of milk may be partly explained 
in this way. The quality of the milk produced also makes an appreciable differ- 
ence. Rich milk requires more nutrients for its production than poor milk. Another 
point deserving mention is that, if we overlook minor irregularities, the conception 
of the maintenance requirement, for which standards have been obtained from 
bullocks, clears up the question of milk production satisfactorily. The figures for 
maintenance derived from bullock experiments are therefore of great service. 

Finally, it has to be observed that accurate figures for the net requirements 
for milk production (column 4) can be expected only when cows are giving heavy 
milk yields. With low yields the errors in estimating maintenance allowance and 
the utilization of food for body development all fall on the small balance available 
for milk production. For this reason the Bangalore experiments were carried out 
during the period of high milk yield. 

One of the most important factors influencing the cost of milk production remains 
to be dealt with, namely, the length of the lactation period and the length of dry 
period. At this initial stage of the work at Bangalore it was not possible to keep 
a Strict account of the food of these cows for the whole tinie, but we know the length 
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of the lactation period, the total dry period and the total milk yield. This informa- 
tion is contained in Table VL 


Table VI. 


Months in 
milk 

Months dry 

Maintenance 

diys 

Tf»tal milk 

1). il V fli^estod 
organ matter 
for maiutenanre 

Digest d 
ori'anie m iller 
i cr lb. milk 




11). 

11). 

lb. 

11 

1 

365 

8,385 

(>-9:)5 

0-286 

8 

4 

365 

3,4 74 

7-155 

0-266 

10 

4 

425 

4,222 

6-858 

0-281 

11 

4 

455 

5,315 

5-855 

0-29; 

H 

2 

305 

5,266 

6-358 

0-255 

7 


305 

3,044 

6-499 

0-30 ; 

7 

3 

305 

6,68’) 

6 945 

0-292 

11 

.3 

425 

7,220 

6-629 

0-276 


With the aid of the food re(]uirement figures obtained in ibe earlier i)art of the 
work (columns 5 and 0 of Table V) an estimate can be made of the food consump- 
tion for the entire lactation and dry periods. From these figures the cost of milk 
})roducti()n for the entire lactation cycle is worked out in Table VIT. For comparison 
the figures obtained during the high yielding st‘i,g(‘ (Table Ifl A) are added. 


TAimE VIT. 


Dry period 
days 

Total poilod 
days 

Organic mat t er 
required for 
maintenance 
for entire 
period 

Orgaiiie matter 
required for 

milk 

product ion 

Total required 
for maliilen- 
anee and milk 

1 Cost 

1 Cost pkk c 

Kilt ire lac- 
tation cycle 

00 l.H. MII.K 

lllirll vieltl- 
ing iieriod 



11). 

lb. 

n,. 

Its. 

ICs. 

Its. 

30 

305 

2.531 

2, .398 

4,029 

34(5-7 

4-134 

3‘.387 

120 

305 

2,011 

024 

:{,5U5 

228-5 

0-577 

3-901 

120 

425 

2,914 

1,187 

4,101 

240 8 

5-704 

.3-779 

120 

455 

2,604 

1 ,581 

4,245 

280-9 

5-398 

3-839 

60 

305 

1,938 

1 ,343 

3,281 

220-0 

4-293 

3-703 

90 

305 

1,982 

933 

2,915 

175-7 

r>-772 

4-308 

90 

806 

2,118 

1 ,950 

4,008 ' 

209-1 

4-025 

,, 3-072 

90 

425 

2,817 

1,995 

4,812 

308-9 

4-279 

3-525 
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Comparing these two sets of costs it is seen that the length of the lactation period 
is a very important factor. The true cost based on the length of the lactation cycle 
is in every case very much higher than the cost found for the milking stage. It is 
interesting to notice, however, that though the lactation periods varied very con- 
siderably in length the order of cost per 100 lb. milk is still the same as the order 
of milk yield, the high yielders producing milk at the lowest cost and the low yielders 
at the highest cost. That is to say, economy of production depends first and fore- 
most upon milk yield. The length of the lactation cycle is also an important factor, 
but generally the total yield has more effect upon the cost. The two sets of figures 
show clearly the effect each of these factors has had on the cost of milk production 
by tlie individual animals. As the end of the lactation period exerts a marked 
effect uj)on the cost, observations covering the complete lactation cycle are desirable. 



TRACTOKS IN 


THE NORTHERN (TRIPLE OF THE ( ENTJiAL 
PROVINOES. 


BY 

JOHN 11. RITCHIE, M.A., B.Sr., 

Dcpuhf Director of AgriculturCj Norlher^i Circle, Central Procinees. 

In tlie nortli of tlie Central Provinces, a very lar^c area of lainl has gone' out (vf 
cultivation owing to the deep-rooted and ohiioxious weed leans grass {t^aceliarmn 
sporitaneum). It is inq^ossible to state with any degree of accurat’y tlie exact area 
of cultnrahle land thus rendered iiseless, but in some ])arts the invasion of the w^ed 
has had a marked influence on the general prosperity. In tlie Settlement report 
of the Saugor District effected during the year 1911-10, Mr. Corbett says : - “ Hie 
climate is the cultivators’ worst enemy. Next is the Jeun^s weed (Saccharanf span- 
taneum) which often follows in seasonal calamity and retards rec(> very. Kans, 
as it has been remarked, is the result rather than the cause of misfortune. It apjiears 
at once, [U’ohably by s(‘eding, whenever cultivated black soil is not ])ro])erly weeded ; 
that is, when it is sown broadcast with lharif or when it is left unsown altogether, 
or again, when nronsoon ploughings are neglected or prevented by continuous rains. 
Mimd soils seem peculiarly suscc})tiblc to aitack. In its early stages, leans can be 
successfully fought by hard ploughing. But when once it has hnnly taken hold, 
it cannot be eradicated by ordinary implements. ‘ It sends down its roots,’ wrote 
Colonel Maclean, ‘ to an amazing depth and forms a corn])lete reticulation of roots 
throughout the entire extent of land covered by it.’ ( Cultivation is then abandoned. 
But after 8 to 12 years of fallow, kans dies out of itself and does not reappear until 
the land has again been cultivated and again neglected. The Khurai Telisil is never 
quite free from ka7is and has been periodically ovuu’whelmed by apparently irresis- 
tible invasions. There is a theory there that land which is exhausted by continu- 
ous wheat cropping, is mysteriously infected. But this easy explanation cannot, 
in my opinion, be sustained. In the stiffer soils of Khurai it is, no doubt, more 
difficult to eradicate kans in its earlier stages. But it h slovenly cultivation that 
establishes permanent seed reserves and allows koMs to sjuead. In the rest of thti 
district, Jeans only became formidable in the famines, when loss of population, scar 
city of seed and mortality amongst plough cattle reduced the standard of agricul 
ture to the Khurai level ; and as normal conditions were restored and good culti- 
vation reasserted itself, it was rapidly reduced to its former insignificance. The 
ultimate solution of the Khurai problem is increased pressure of population, which 
will compel the intensive cultivation that the strong soil rcq\ures.” 

( 27 ) 
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In the 10 districts comprising the two divisions of Jubbulpore and Nerbudda, 
the average area of land “out of cultivation” for the three years 1921-22 to 1923-24 
was 2,187,169 acres out of a total area in the holdings of 5,558,240 acres or 39 per 
cent. A considerable proportion of this fallow area is occupied by kans grass, 
and very little can bo done by the cultivator with his crude implements to bring 
back infected land into a state fit for cultivation. The reason for the dying off of 
the kans after 8 to 12 years, quoted by Mr. Corbett above, is probably because it 
becomes root-bound, and a cultivation with a country plough at this stage would 
only make matters worse by giving the remaining plants room to develop. 

Some doubt seems to exist as to the method by which kans grass propagates 
itself in infecting new areas, several authorities being very sceptical about the seed 
being the means of doing so. In order to test whether the seed was vital, germina- 
tion tests were carried out on the Powarkhera (IToshangabad) farm three years ago, 
and 95 per cent, germination was obtained. The seedlings are very delicate and 
are very easily destroyed either by heavy rain or by implements. This probably 
explains the waves of invasion in Saugor District, as the cultivators could not give 
the necessary cultivation to their fields. Once established, the kans sends out 
strong underground stems, and when this stage is reached, eradication becomes 
difficult with the country implements. 

In some parts of the Central Provinces, /cans is dug out by hand at a cost of 
about Ks. 80 an acre, but, as with all other means of eradication, careful after- 
cultivation is necessary to keep the weed under control. 

Within recent years, the Agricultural Department has spent considerable time 
on the question of eradi(;ating kans. The small Monsoon plough has ])roved very 
beneficial, andtlie de])artment has been demonstrating its use for some years. Plots 
of land overrun with the grass are being taken over by the department fur two years, 
and after ploughing with the Monsoon plough in the hot and rainy seasons, the 
land is put down to the ordinary crops of the tract, viz.y cotton, juar (Sorghum), 
wlieat or gram. By this method, it is found that about 75 per cent, of the kans 
is killed, and great care has to be taken to prevent the remaining 25 per cent, 
from gaining the upper hand. In the second season, the land is again ploughed 
and cropped and is then handed back to the owner in a clean condition. 

I n 1 923, two International 15-30 H. P. tractors were purchased by the depait- 
mont for work on kans eradication. The ploughs used were 3-furrow self-lift Inter- 
national })loughs with digger bodies. 

Two years previously, at a demonstration of tractors given in Jubbulpore, it 
was found that it was not necessary to go to a great depth to kill the kans. It was 
at first thought that it w^ould be necessary to plough to 12 inches deep and the first 
ploughings done were at this depth. It was found, however, that even at a depth 
of 7 or 8 inches the leans was killed, provided that the soil was inverted to expose 
the underground stems to the sun and to smother the roots still in the unploughed 
subsoil, In the fields ploughed it was found that only in the open furrows did 
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kans come up again during the following season, no matter at what depth the plough- 
ing was done. 

Benefiting from the experience gained in the previous demonstrations, the 
• department undertook to plough /cans-infected fields to a minimum dej)th of 8 inches 
at a rate of Rs. 25 per acre. 

Work was started in December 1923 in land belonging to Diwau Bahadur Belli 
Jlwan Das in a village six miles from Jubbulpore. An area of 100 ac res was handed 
over for ploughing. The work done was very good, the soil being well turned u]), 
and the kans, which at tlie start almost hid the tractors and ploughs, disappeared 
beneath the furrows. Ploughing continued till April when the soil Ixieame so hard 
that both the tractors broke down, but a total of 313 acres was comfileted bedore 
this happened. 

In December 1924 only one tractor was re^ady for work, as spares had to come 
from Americ-a and had not arrived. At the beginning of the }>Ioughing season, a 
requisition for only 12 acues to be ploughed had been received by the department 
in one village five miles from Jul))>ulpore, but bedore leaving that villagf', 99 acres 
were turned up. So successful was the work that requests came in from all over 
the district for tlie tractors, and when finally it was decided to sto]) operations in 
A])ril owing to the hardness of the ground, only 202 acres out of nearly 1,000 for 
which orders were rec(uved had been ploughed with the one tra(‘-tor. 

Breakdowns w^re frequent, but as we (*ould fall back on the parts of the dere- 
lict machine, the time lost was not very great. At the close of the ploughing season, 
the 8))arc8 were received from America just in time to send the machines to Nagpur 
where tliey were required for the cultivation of the College Farm. 

The total area ploughed in the two seasons was 515*26 acres in 1,235 running 
hours. In addition, 74 hours were spent in belt work, driving a threshing machine 
on the Government farm at Adhartal. 


The costs involved were as follows : — 



Rs. 

A. 

p. 

Cbat of two trautora, 15-30 11. P. ....... 

10,611 

8 

0 

Qjst of .3 plouglis .......... 

1,884 

0 

0 

Insurance and freight ......... 

292 

13 

9 

Total 

12,()8S 

6 

9 

Cost of spare parts used ......... 

608 

16 

6 

Cost of repairs .......... 

666 

9 

9 

Cost of petrol, kerosino and oil ........ 

3,612 

6 

9 

Depreciation at 20 per cent, for 2 years ...... 

6,076 

6 

6 

Bonus given to drivers at As. 4 i)er acre ...... 

128 12 

0 

Pay of drivers and overseer for 12 months at Ks. 35 and Ks. 76, t.«., for 




6 months each ploughing season ....... 

1,740 

0 

0 

Total 

11,721 

1 

6 

Income paid into the treasury ........ 

12,881 

8 

0 

Profit to Government ......... 

1,160 

6 

6 
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The soil ploughed was all hahar I and II which are stiff clays containing up to 
75 per cent, of clay on analysis. In the hot weather these soils bake hard and are 
very dilFicult to penetrate, though they are easier to plough when there is a thick 
crop of kans growing on them than when absolutely bare of covering. The land 
after ploughing in the hot season consists of a large number of big clods weighing 
from a few pounds up to nearly maunds. 

Very wide “ feerings ” were adopted in order to reduce as far as possible open 
furrows which were, in small fields, only allowed at the edges near the bunds when 
finishing off the fields by ploughing round. 

Practically all tlie fi(ilds liad been lying fallow since the big famines at the end 
of the HHJi century and wer(i bringing in nothing to their owners. 

(Vo[)-cutting experiments were made on some of the fields jdoughed in December 
192oan(l which w(‘r(‘ cropjx^d last rnW season with wln^at, with the following results. 


(.)!i tnictoi’ plon^lu'il huui 
On ordinary land 
On tractor plouglu'd land . 
On ordinary land 


Variety Outturn 
of vyheat per aero 
lb. 

. Aoss (inn 

. AOSS 700 

. A(o:} (Uio 

. Aoi;{ TM) 


At 15 lb. a rupee, the income per acre amounts to Ks. 48-8. Deducting the 
cost of initial cultivation, viz., lbs. 25, the balance of lls. 18-8 very nearly pays for 
seed and the other operations, so that in tli(‘. s(‘cond year the land becomes once 
more remunerative. 

There is under consideration at [>resent for use in the stiff soils of the Northern 
Circle a scheme for the purchase by Government of a steam tackle. If this is sanc- 
tioned, the ploughing charges will be reduced considerably and the tackle will find 
plenty of work for the six months of the year during which ploughing can be per- 
formed. Even at the compajatively high rate of Rs. 25 an acre, there was more 
than enough land to keep two tractors going, and when the price is reduced the 
demand will be very great. 



PLAIN AND REINFORCED CONCRETE CONSTRUCTION 

SIMPLIFIED.* 


BY 

T. A. MILLER BROWNLIE, C.E., M.I.W.E., M.LM. &C.E., 

Agricultural Engineer to Government of Punjab, and Officiating Principal, 
Punjab Agricultural College, Lyallpur. 

Thk use of ceinent (*.oTicrcto in constructional works in India has not reached 
that state of devolo})iiient wliicJi has been attained in Western countries, the chief 
reason Ijoing tlie difUculty and ex])ense involved in obtaining a high grade ceinent 
from abroad. During recent years, however, tlio manufacture of liigh grade cement 
has been successfully undertaken in India, and every year cement concrete is being 
used more and more for general constructional pui'j)ose8, in which cheapness, per- 
manence, strength and freedom from tlie necessity of frequent repaii’S, are the main 
desiderata. In such structures as water tanks, retaining and other walls, pillars, 
])ier.s, abutments, grain bins, foundation wells, etc., the advantages of the patent 
“ Simpliiled ” metliod f of construction are most apparent. 

Prior tt) the introduction of “ 8im})liHe.d ” construction, the great drawbaede 
in })lain or reinforced corn'rote construction was the time and cx[)ense involved 
in the ])re])aratlon ot foima or moulds to receive the (concrete, and the further ex])ense 
in dismantling and removing tlu'se moulds after the comph‘-tion of the structure. 
If several structures of OTm, ])att(a-n are to be made, then the moulds- if of timber- 
generally recpiire many repairs and renewals prior to each operation ; yjarticularly 
is this the case in Ind^ where great variation of tem])eratui(^ does more damage 
to timber moulds than in countries liaving a more equable climati* ; but, when a 
large amount of repetition work lias to be executed, then the forms are very sul)- 
stantially made and metal is largely, or even entirely, used in their construction, 
thus adding considerably to their initial cost, but reducing the maiutenanci^ ('ost. 
With many of the forms in use there is great difficulty in keeping the reinforc/mg bars 
in their correct })ositions, this difficulty is most marked in tlie construction of walls, 
etc., of one foot, or less, in thickness, and when the mould used is several feet in height ; 
then the reinforcing bars are often displaced during the operation of filling the con- 
crete, with the result that the requisite covering of concrete over the reinfoj*cing 
bars is either less or more than it should be. Protection from corrosion of the steel 
reinforcing bars necessitates a covering of concrete over them of one to two inches 

♦The greater portion of this article and the illustrations appeared in Indian Engineering, 

2ud May, 192S. 

t system of ooncrote construction exidained in this artiide is coni])letcIy coveied by Patents. 
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in thickness, according to circumstances, and this requirement is made use of in 
‘‘ Simplified Construction ” to eliminate the costly timber and metal moulds or 
forms required in a large variety of reinforced concrete structures. 

Simplified Constbuotion. 

In this patented method of reinforced concrete construction, that j)ortion of 
the concrete which serves as covering material for the reinforcing bars is made 
use of to foim the mould for the structure in the following manner. Concrete 
shapes of 1 section are moulded ; the thickness of the flange being equal to 
the required covering over tlie reinforcing bars, the overall dimensions of 
the I shape are such that one vertical and one horizontal reinforcing bar is in 
each shape or block ; the web joining the flanges of each 1 block contains a groove 
close to the flange for the rciception of the horizontal reinforcing bar. Foi light 
works in reinforced concrete, a convenient size for the outer face flange of a block 
is nine inches long and six inches in def)th ; this permits of horizontal reinforcing 
bars being at six-inch intervals and the verticals being at nine-inch intervals. 
For mass concrete work, or for w^alls of moderate thickness, it is convenient to make 
the 1 blocks with one flange larger than the other, as this system permits of standard 
blocks being used for a large variety of work. 

The form of the blocks or shapes, and the method of employing them, will be 
evident from the accompanying illustrations. Fig. 1 shows in plan the form of 



FiO. 1. Typo of concrete formH suitable for thin walls, tanks, etc. 

blocks used in thin walls of six to twelve or fifteen inches in total thickness, a groove 
being moulded in the web of each block at A, to take the horizontal reinforcing bar. 
Fig. 2 is a repetition of Fig. 1 with the addition of a second course of blocks, the 



Fio. 2. Similar to Fig. 1, the dotted linos iudioate the position of the form in the lower ooureei 
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positions of which are indicated by the dotted lines representing the lower course, 
tlfe full lines representing the upper course ; in this ligure the horizontal reinforc- 
ing bar is shown in dotted lines at E, the vertical reinforcing bars being indicated 
at D. Fig. 3 shows a front or back elevation of a wall, the positions of two of the 



Eia. ‘i. An olov<<,ti(>u of wall built witli thu forniH. 

vertical and two of tlic horizontal reinforcing bars being shown in dotted lines at 
L) and E roHporjtively. Eroin Fius. 2 and 3 it will be obvious that the blocks are 
readily placed in position and that no stringing’' over the reinforcing bars is re- 
quired. For all circular work such as water or oil tanks, grain bins, w'ells, foundation 
piers, pillars, etc., the inner flange of ea(‘h block is cast slightly shorter than the 
outer flange ; this is done in order to allow for the difference in circumference of the 
circles formed by the outer and inner faces of the structure. 

For mass concrete w'ork, which in ordinary circumstances would require a mould 
for one face only, as for example a retaining wall, or for thick walls, etc., the form 
is cast in the shapes shown in Figs. 1, 5 and G, in which the inner flange is made 
considerably shorter than the outer flange. It is convenient to make the inner 



FiO 4. FortuH with unc^jual flangos. riiitrhlo for thick walls or when one face only of tho 
wall is required as in retaining walls, etc. 


F 
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luus. 0 & () illustrat'.' the uictuod of construction of walls of dill(^rent tbicknessos W'iih Ktaiubird 
forms of unequal llauges. 

Note ;-~Horizonta] reiuforct‘m(3nt i<! shown at o and vortical at d in all figures. 

flange one incli greater tluiii Iialf tJie length of the outer flange^ for, by rloing so, 
the ends of the inner flanges rest on tlie ends of the inner flanges of the blocks in 
the course inimediatoly below and no building skill is required to ])lace the forms, 
or blocks, in position. 

Moulding. 

riio concrete forms required are very rapidly and economically cast or moulded 
on a hand machine specially designed for the pu'r 2 )oso. The machine is comprised of 
three essential parts, (a) the body, which consists of a box of four sides only, 
mounted at a convenient height on a stand, (6) a sliding frame on which is placed 
the bottom of the box, and (c) a hand lever for operating the sliding frame. The 
mould proper, from which the required forma are cast, is conveniently made 
from wood, the outer dimensions of the mould fitting the box of the moulding machine, 
the interior of the mould being made with openings of the shape of the forms to be 
cast , this mould is retained in position in the box by lugs on its uj)per surface and 

can be rapidly exchanged for another mould when it is desired to cast shapes of a 
different pattern. 



FLA IE II 



FiC. I. Moulding machine, the mould being Idled, 1 !u dtrueseed level keepv FlC. 2 Moulding machine. The lever h.is been raised, thus depositing the 

the mould bctloii in ccntacl \Mlh the n eu’d. bottom \Mlb the two concrete casts thcreoir on the trolly. 


PLATE III. 
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The process of making the cast is as follows : — 

A mould bottom which consists of a plain piece of wood having two holes in 
it to register on pins in the sliding frame is placed on the sliding frame ; the lever 
is then depressed and held in that position by a clip ; the depression of the lever 
brings the mould bottom up into contact with the mould box. The mould is now 
filled with concrete, after which the lever is raised thus lowering the mould bottom 
with the cast piece or pieces of concrete thereon, the mould bottom is lowered on 
to a trolly placed immediately under the moulding box and this trolly can now 
be pushed clear of the moulding machine, the mould bottom — with the casts thereon 
— removed and set aside to harden ; a new mould bottom is immediately placed on 
the frame and the lever depressed, thus bringing tlie bottom up ready for the next 
casting. The whole operation of moulding is extremely rapid and with the machine 
shown in the accompanying illustrations (JMate II) one mason and four coolies 
mixed the concri'te and moulded 141 blocks per working day of eight hours. The 
work was entirely new to the men ; with a little prac tice the output could have 
been much improved, but the out])ut obtiun(*(l represents a very low cost for the 
labour Te(|uired to ])roduce the blocks. 

Two illustrations (Plate III) are given of a reijifoicc?(1 concrete water tank 
lifteen feet in diameter and containing fifteen feet depth of water ; one of the illus- 
trations shows the tank in course of constructicui and tlie other shows tlie completed 
work. The overall thickness of the w all is nine inches only and the reinforcing bars— 
of which there is oiic liorizontal to every layer of blocks, and one \'ertical to every 
block— take the (Uitire stress due to the water })re8surc. The lank was completed 
without the use of timber or otlier sliutlering of any kind, and the cost of construc- 
tion sliows a very marked saving over the old mc'tliod in whicli timber or other 
shuttering is used. The blocks used wc^re composed of a nine to one concrcMe, that 
is, one part cement to nine ])arts aggregate, and this luixture })roved ({uite satis- 
factory for the W’ork. 

There are many forms of construction for wliicli the method described can be 
ado])ted, and it is not always necessary to fill in the ^'oid hdt between the 1 sha])es ; 
in other words, hollow' wall construction is as easy as solid construction, and for 
house building and similar work, reinforccanent would not \n\ necessarv ; in c(‘itain 
other classes of work the voids may be filled with a poor mixture of concrete or even 
with a lime concrete. 



(!OMrOST. 


BY 

JOHN 11. RITCHIE, M.A., 

Deputy Director of Agriculture^ Northern Circle^ Central Provinces, 

Onk of the many items of work that the Department of Agiicultiire luis been 
advocating for several years in the north of the Central Provinces is the utilization 
of weeds, etc., as manure in the form of com})ost. 

In some of the light soil tracts of Jubbulpore and Dainoh Districts, the opening 
of Government irrigation tanks has been of doubtful benefit to the prosperity of 
the cultivator. The land, in the past, bore one crop of broadcast rice in a year, and 
every now and again a forced fallow was caused by sliortage of rainfall. Since the 
opening of irrigation works the cultivators have been taking double croj)S of rice 
and wheat without applying manure to their land, with the result that they now 
complain of not being able to obtain even a fair (*ro]) of rice. 

In order to overconu*- this, the de|)artinoiit lias been demonstrating on its 
domonstration plots and in the fields of the cultivators the conservation of cattle 
dung, urine earth, sann-heni}) as a green manure, larota {Cassia Tora) cut from the 
village sites as a green manure or put into a compost heap, and the making 
of compost from all the weeds and katehra removed from the fields in weeding 
and usually left on the bunds. 

The practice was first tried on the Adhartal farm, Jubbuljiore, in the year 1918-19. 
All the weeds from the rice fields were collected and treated as follows. A thick 
layer of one foot of weeds was spread out on the ground, sprinkled over with rj nick- 
lime, and then covered over with a layer of moist earth ; on top of this another 
layer of weeds, lime and earth and so on until the whole of the weeds was covered 
up. After being allowed to decay for 3 or 4 months, the heap was turned to allow 
of better decomposition. 

During the cane-crushing season, all the megass from the mills was added to 
the heap, but as this manure was to be used for sugarcane, it was deemed advisable 
to discontinue adding the megass owing to the danger of disease, and now only weeds 
are made into compost. The megass is spread direct on the rice fields where it soon 
decomposes. 

Recently the application of lime to the heap has been discontinued owing to 
its cost, and the heap is now kept for two years in order to allow any weed seeds to 
germinate in the succeeding monsoon and so prevent the reinfestation of the fields. 

On the Adhartal farm, about 450 cartloads of compost and megass are obtained 
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every year. This means a considerable quantity of manure added to the fann 
stock. 

Experiments were carried out in 1920-21 and 1921-22 to find out the value of 
compost as a manure, and tlie results show that it is cv<^ry bit as good as farmyard 
manure, if not better. 


VJ20-21— 


lb. per acre 

t- 

Caddy No. 17 , 

No manure 

1,090 

Ditto . . . . . 

G^nipoHt 

1,170 

Dilbaxa paddy . . . . 

No manure 

010 

Ditto 

(vomjiOHtJ 

1,060 

1021 22-~ 

I’addy No. 17 . . . . 

No manure 

1,350 

Ditto • . . . . 

CompoBt 

1,720 

Di!})nxa paddy . . . . 

No manun* 

1,430 

Ditto 

Compost 

1,830 

1020-21- 

1 

^ Cattle dun^' . 

mds. per lb. gur per 
acre acre 

. 250 0,818 

Siijiarcant — Poinida , . 

; 

Compost 

250 0,545 

1 

^ Cattle dun^ . 

250 0,500 

Yuba . . . 

Compost 

250 0,720 

1 

f Cattle dung . 

250 0,(K)0 

(Jiliuan's r<'d sj>oit ^ 

1 

; 

Compfist 

250 7,000 

One ])art of non-ex])eriniental Khari cane was 

heavily manured with compost 


ill order to till nj) some uneven jiarts in the field and the outturn was at the rate 
of 52 tons of stripped cane ]>er acre. 

Each Government farm in the Northern Circle has now a compost heap as part 
of the farm economy, and though few cultivators make such heaps, many of them 
utilize the waeds and apply them along with their cattle dung. 



NO'rES ON CANNING MANGOES. 

BY 

S. K. MITRA, M.S., Pli.D., 

Economic Botanist to the Government of Assam, 


At present there seems to be a growing demand for canned and preserved fruits 
in Indian markets. Many cjucries come to the station for methods of canning man- 
goes, pineapple, etc. It is with a view to supjdy correct information on the sub- 
ject and at the same time to introduce the juactice of canning and jireserving fruits 
and vegetables among individuals trying to start a business on a cottage industry 
scale, that a series of experiments have been carried on in canning fruits and vege- 
tables at the Jorhat laboratory for the last two years. As a result of successful 
cxperiineiits, a bulletin was published by the Department of Agriculture, Assam. ^ 
Besides, 8 students were allowed in our laboratory for three months in 1921-25 
to get a training in the art of canning and preserving. 

Publications on canning and preserving are very rare in India, and more so the 
experimental work on this line. In his Book of Mango,” Dr. Burns, Economic 
Botanist to the Government of Bombay, recorded some experiments in canning 
mangoes^, and that seems to be the only attempt of its kind [lublished in India uj)- 
to-date. Considering the present poor status of oiii fruit industry in India and 
specially the waste of fruits in season, it may not be out of ])la(!e here io mention 
that our fruit industry will never be a commercial success until the surjilus commo- 
dity is utilized by canning and preserving both on cottage industry and commercial 
scales. It is for this reason experiments on this line seem to be very inviting. In 
this short paper an attempt will be made to discuss the results of our experiments 
on canning mangoes at the agricultural laboratory at Jorhat. 

Assam mangoes are very poor in quality. There are no standard varieties known 
in the market. The mangoes in this part of the country are very sour and mostly 
affected by mango weevils. Ripe local mangoes are seldom found in tlie market 
in good condition. Mango orchards are very rare and no attempt has yet been 
made to improve the cultivation of mangoes in Assam. 

In the experiments on canning mangoes, the fruits were washed, peeled and 
cut carefully and were then canned in sugar syrups of different strengths. The 
strength of the sugar was measured in degrees for which a Brix saccharorneter was 
used. 


^ As,‘ia/n Dt}il. Land li(',rf>nls and Aijri. Bull. 1 of 102,’^ (iTprintcd). 
^Bombay Depi, Ayri Bull. lO.S of 1920. 
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Pure cane sugar was used in making the syrup, the percentage of which varied 
from 12*5 to 60 per cent. The sugar used in canning mangoes acts as a preserva- 
tive and improves the flavour of the canned product. In addition to sugar, other 
materials, such as brine, vinegar, brandy, water, and mango juice extracted from 
ripe soft mangoes, were also tried separately. 

As for the containers, both glass jars (pint and quart) and solder-top tin cans 
(i lb. and 1 lb.) were used for experimental purposes. The cans were obtained 
from the Bengal Canning and Condiment Works, Ltd., and the jars from Messrs. 
Hall and Anderson, Ltd., Calcutta. In soldering the tin cans no s]^ecial canning 
outfit was used, except a solder steel and a ti])ping steel. A])art from this, the 
ordinary cooking utensils, such as knives, seuce pans, spoons, etc., were used in 
prej taring the fruits for (‘aiming. 

Sterilization is the main ])roblcni in canning fruits. If the containers ai(‘ not 
properly subjected to a certain degree of temjierature for the required time needed 
for sterilization, they will either spoil (ferment) or give a disagreeable cooked 
taste to the canned product. In our experiments witli fruits, Ihe cemtainors were 
sterilized at 100d01°C. in a soup digc\ster. and they wer(‘ sterilized at that tenincra- 
ture for 20-^5 minut<\s as need be. If the fruits are sour and properly handU'd, 
sterilization for 15 minutes is (piitc sufficient. It must be admitted here that the 
ofTects of diheront temperatures could not be tested satisfactoiily for want of a 
steam pressure steiilizer. However, the results obtained are of some interest from 
tlie economic j)oint of vi(‘w, es])ecially to those who are interested in tlie develop- 
ment of (^ottago industries in India. 

In order to explain clearly ihe nature of difTerent treatmenis and tlio time re- 
(juired for steiilization of the fruits used in the exj>eriment on canning mangoes, 
the results have been tabulated as follows. 
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Sliced ripe, soft nnd Jnne 19, 1923 Do. . Do. . . 12*5 per cent. 20-25 m iiut« . Flat taste . May be used for cub 

fibrous (street) syrup. inary purposes. 

Da . Do. . Do. . . 25 per cent. Do. . Fair Too soft and fibrous for 

syrup. canniiig purpose. 
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In all the experiments the “ cold pack ” method was used, i.e.^ the sliced fruits 
were packed cold in the containers which were filled up with hot syrup. Brine was 
also used hot, while vinegar, brandy and mango juice were used cold. As the green 
fruits are rather tough, they were blanched so as to soften their texture and remove 
the bitter astringent taste. The cut fruits oxidize very readily when exposed to 
the open air. For this reason they were always kept in water before use. Only 
sound fruits were selected for canning. All the jars and cans were scalded in hot 
water and marked on top with a file before they were sterilized. In order to insure 
efficiency in canning the different processes of peeling, packing, syruping, solder- 
ing, exhausting, tipping and sterilizing the containers should follow one after the 
other as quickly as possible. 

In canning fruits sterilization can easily be done in an open vessel. Both green 
and ripe fruits can be sterilized successfully for 20 and 30 minutes res])ectively at 
lOO^C. This depends on the nature of fruits as well as the size of the containers 
used. Generally glass jars take a little longer time for sterilization than tin cans 
when sterilized at lOO^'C. Moreover, quart jars require a longer period of steriliza- 
tion than pint jars. The same rule applies to solder-top tin cans. 

It may also be mentioned here that in sterilizing glass jars they were ]>ut in 
cold water and heated to boiling, while the tin cans were di})])ed in boiling wafer 
direct. In order to check over-cooking of the fruits the tin cans v ere dif)ped in 
cold water as soon as they were taken out of the sterilizer. 

Summary. 

1. The cold pack method of canning can be^t be adopted for home use and cot tage 
industry purpose. 

2. The fruits canned in sugar syrup give a better flavour, taste, appearance and 
keeping quality than in any other material. 

3. Mangoes which are ripe but finn are best suited to canning. The mangoes 
should be jacked carefully and only sound ones should be used for canning, 

4. Ripe mangoes which are soft and fibrous become mashy when caniual and 
so are not suitable for canning. They may be canned as concentrated juice. 

5. Sour green mangoes can be canned for culinary j)urposes in water, brine or 
low percentages of sugar. Mangoes which are mature but not ripe will do well in 
canning as a tart dessert fruit. 

6. Peeled mangoes, whether green or ripe, should be kept in water as soon as 
they are cut, otherwise they will oxidize very badly. Blanching of green mangoes 
softens their texture, removes the astringency and stops oxidation. 

7. The percentage of syrup varies according to the acid content of the? fruits 
canned. The higher the acidity, the more sugar is needed to make the produce 
])alatable. Both the sugar and acid act as a preservative. 
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RECENT PROGRESS IN INDIA’S AGRICULTURE * 

The development of the industrieR of thin country is a subject which has of 
late years given rise to much controversy. It has been discussed time and again 
in our legislatures as w^cll as in the })re8s. The conclusion generally arrived at has 
been that India has lagged beliind the more advanced countries of the West in 
indiivstrial development, and that it is therefore* desirable to get a move on. Many 
new industries have been started with feverish haste ; of these a few have pros- 
j)ered ; of the rest some have failed (‘utirely, while otliers are in a precarious condi- 
tion financially. It is admittedly diflicult, in these days of intensive eomp(*tition, 
for such industries as enjoy no kind of monopoly, but w’hich are required never- 
theless to be run at a high standard of efficiency in order to make them })rofital)le, 
to (;ompet(* with similar industries in more advanced countries where labour and 
su[)ervision are more skilled and conscientious. To counteract competition a small 
section of India's urban population demands protection for the industries in which 
they are interested ; but juotection is not an unalloyed blessing. It tends to raise 
the cost of commodities and to be disadvantageous therefore to industries other 
than those protected- -agriculture for examjile. Agriculture is, and alw’ays wull 
be, the [)reniier industry of this country, ])roviding, as it does, ?> out of every 4 of 
the inhabitants wuth a means of livelihood. Its development on scientific lines 
is the surest way of giving tlie great majority of the people of rural India the pro- 
tection they require. Its development, moreover, offers unlimited jiossibilities of 
progress, for India’s soils are fertile and her people are born husbandmen. But as 
the patieno plodding tiller of the soil has not been able to visualize and state his 
needs with force and precision, the tendency is for his interests to be lost sight of 
when the subject of industrial development is discussed on political platforms. 
What he, as a producer, wants is free trade and facilities to buy and sell to the 
best advantage in the world’s markets. 

Government has done much for the advancement of agricultui e since that great 
Viceroy the late Lord Curzon inaugurated his forward policy of agricultural develop- 
ment based on research, experiment, education and demonstration. In one short 
article it will be possible for me to refer only very briefly to the more important 
results which have within the last twenty years accrued from that policy. In 
that period varieties and strains of varieties of eacli important croj) have been isolated 
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and tested \\ath a view to getting tyj3es suitable for varying soil and climatic con- 
ditions. When difficulty in getting suitable types by selection has been experi- 
enced, new types have been evolved by cross-breeding. The success of this line 
of work has been plienomenal ; the improvement effected has appealed to the 
cultivator, as its adoption has not involved any material increase in his expenditure. 
The result has been that the area under improved varieties of crops has within the 
relatively short period of two decades increased from a few thousands to over 5 
millions of acres. This line of work alone has given the cultivator an increased 
profit of at least 50 million rupees, or approximately 3^ million pounds sterling-- 
a sum which covers the annual expenditure on the rmperial and Provincial Depart- 
ments of Agriculture five times over. But there is no reason why this handsome 
profit should not be multiplied for^ times, for there are still over 200 million acres 
being sown every year with inferior seed. Of the crops which have already been 
improved by seed selection and cross-breeding the most important only need be 
mentioned. 

The improvement of wheat which is the main food crop of the people of Upper 
India, and which was grown in an area of over 31 million acres last year, has been 
carried out mainly on agricultural stations in the Indo-Gangetic plains of Northern 
India. The work done in evolving heavy yielding rust-resistant types of good 
milling and baking qualities, similar in (^lass to Manitoba wheats, suitable both 
for internal consumption and ex])ort, is one of the finest ac^hievements of the depart- 
ment. No variety of any other -rop is so well-known in India to-day as the wheats 
commonly known as Pusa 4 and Pusa 12. These were evolved at the Imperial 
Agricultural Research Institute at Pusa, and arc now being grown in an area of 
about l.J million acres ; the area is gradually increasing not only in the United 
Provinces and tlie Punjal), but also iu the Peshawar Valley, North Bind, Kathiawar, 
tlie Central Provinces, the Nilgiri Hills, the Southern Shan States and the Simla 
Hills. They have, too, made for tliemscives a home even in far distant Australia 
wher(‘ they have at several agricultural shows carried off first prizes. In the Punjab, 
8 A and Punjab 11 are the two varieties which find most favoin'. In the Ihiited 
Provinces, the Pusa selections and Cawnpore 13 are widely grown. Iji the North- 
West Frontier Province, Pusa 1 has completely established its superioiity over 
the local wheats. In every wheat-growing province the improved departmental 
wheats are slowly ousting local varieties. 

The premier crop of India both as regards area and outturn is rice. On the 
average it occupies nearly 35 per cent, of the total cultivated area in India ; th>B 
amounted last year to over 78 million acres. In the rice-growing provinces different 
varieties have been isolated and tested under varying soil and climatic conditions ; 
tlie most promising varieties have been propagated on Government or on private 
seed farms, and large quantities of the improved seed given out to cultivators. 
The area sown last year with improved seed supplied by Agricultural Departments 
amounted to over (300,000 acres ; but this is only a part of the total area now cropped 
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with improved rices, for cultivators are themselves slowly propagating and distri- 
buting these improved paddies. Tlie improved Indrasail, Kataktara and Dudshar 
})addies of Bengal, the Bhondu and Gurmatia selections of tlie (Central Proviiu^es 
and tlie Daliia of Bihar and Orissa are now household words in their respective 
rice tracts. 

Another crop of great importance in India is cotton, the area under which rose 
to 2^^ million acres last year. Of late years the Indian croj) has been extremely 
important in the world’s markets owing to the fact that the yield of Amei ican cotton 
has been below normal. The exf)ort demand for Indian cotton has risen in con- 
serj nonce ; English spinners’ takings rose from 67,000 bah‘s in 1022 to 176,000 in 
1923 and 257,000 bales in 1921. Much of this cotton was of siij)erior sta])le. As 
the world’s demand for tliis fibre is increasing faster than tln^ supply, a period of 
liigh prices would appear to be inevitable. Of the Indian crop of about 5 juillion 
bales annually, Indian mills consume about 2 millions, leaving a])])roximately 3 
million hales for export. For export as well as for home consumption the demand for 
cotton of better staj)le is increasing, and Agricultural De])artnieuts and the Indian 
Centra,! (Jotton (Jommittei' are th(‘refore co-operating in devising measures to enable 
the (uiltivator to grow cotton of a better class, and to tak(‘. advantage of the in- 
crea,sing demand for the same. The area under im])roved varieti‘‘s evolved by 
Agricultural Departimmts amounted last year to over 2^ million acres, of which 
the greater |)art was sown with long staple cotton of tlie American tyjxv In the 
Punjab the area under Ibmjab- Vmeric.an is now reported to })e w('ll over two-thirds 
of a million acres. TIkj area iind(‘r (/ambodia a. sonnovliat similar typ(‘ of exotic 
cotton grown in Madras -exceeded 200,001) acres last year. Jn Bombay and the 
Central Provinces, too, tin' area lieing sown with s(H‘d of im])rove(l varieties is rapidly 
im'reasing. 

The Indian Central ( Litton Committee has completed its third year as an advi- 
sory bod^^ and its first situ'c its incorporation wit h funds of its own under the Cotton 
Cesfs Act. of 1923. It has continued to give much attention to the imju’ovement 
of marketing, and to the clieckiiig of adulteration and other mal])ractices. The 
('otton Transport A('t has now been in force for over a year in those ])arts of the 
Bombay Presideiicy in which long staple cotton is grown. The unanimous opinion 
of the buyers is that the (piality of the cottons now obtained in these areas has 
greatly improved in conserjuence, as .shown by the enhaiu'ed |)rices paid for them. 
The Bill for the Regulation of Gins and Presses is also about to find a place on the 
statute book and will, it is lioped, prove a useful corollarv to the Cotton Transport 
Act. The outstanding feature of the work of the Indian tk^ntral ( 'otton Committee, 
however, has been the progress made in getting its programme of research work 
on cotton started. The Institute of Plant Industry at Indore, the cost of which 
is being met partly by the Indian Central Cotton Committee and jiartly by the 
Central India States, was sanctioned in March ] 924, The area of 300 acres of land 
provided by the Indore Durbar as a site for the Institute and farm has since been 



4d AGBtdULTOKAL JOXmNAL OI' INDIA [ 2^1,1. 

taken over, and the necessary buildings are being erected. This Institute should 
in course of time become one of the leading cotton research stations in the Empire. 
The Indian Central Cotton Committee has also financed special research scheuies 
in the various provinces, such as investigations on cotton wilt and cotton pests, the 
causes of boll and bud shedding, etc. They have, moreover, made grants to cer- 
tain provinces to enable the Local Governments thereof to increase their stall for 
work on cotton, and provided a Botanist for the Punjab who will study the special 
problems connected with the introduction of long staple cottons of the American 
type now being grown under canal irrigation in that province. 

The area under cane in India is about 2| million acres. The average yield of 
sugar obtained per acre ranges from 1*1 to 1*3 tons as against 3*6 to 4*5 tons for 
Java and 4 to 5 tons for Hawaii. The low yields obtained in India arc partly duo 
to the poor quality of the varieties of cane grown. The basal needs of sugarcane in 
tliis country are a source of combined nitrogen, adequate aeration and moisture. 
These needs are being carefully studied at several agricultural stations, but more 
especially at Pusa, atthe Shahjahanpur farm in the United Provinces and at the 
Manjri farm in the Bombay Presidency. The aim in view generally is to increase 
the yield both of cane and gur (raw sugar) })er miit area, to reduce the cost i>er ton 
of cane grown, and to devise more ellicient methods of extracting the juice and of 
converting it into gur. The standard of crop j)roduction attained by Euro])can 
planters in Bihar and by the best cane-growers in Southern India already closely 
approximates to that of these farms. If it were possible to introduce this high 
standard in every cane-growing tract in India, the increased annual profits r(^siilting 
therefrom would be colossal. But it is to the work being done at the Imperial 
Cane-breeding Station at Coimbatore that I refer in particular in this paragraph. 
The history of that work reads like a fairy tale. Twenty years ago it was snpj)osed 
that sugarcane in India did not produce fertile seed and that there was little sco[)e 
therefore for improving the crop by selection. Dr. Barber, a member of the Indian 
Agricultural Service, dispelled this idea by raising thousands of seedlings from 
cane seed at Coimbatore —a discovery which has enabled the department to breed 
a very large number of entirely new types : for when grown from seed the resultant 
plant shows wide variations in botanical, agricultin^al and chemical characters. 
The promising tyj^es evolved at Coimbatore arc, after a preliminary test there, 
sent to Pusa and the provinces for further trial. Co. 205, Co. 210, ('o.2]3 and 
Co.2l4 are four of the most promising kinds evolved up to date. In the Punjab 
and the United Provinces Co. 205 is doing exceptionally well, while Co.210 and 
Co. 2 13, after having been tested at Pusa, are now being grown on a large scale 
in North Bihar where they are giving from 50 to 100 per cent, more juice per unit 
area than the local varieties common to this tract. Their introduction, in fact, 
promises to revolutionize the whole sugar industry in this part of India, where 
white sugar is manufactured in large factories on a scale not equalled in any other 
paii; of India. 
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The world’s supply of jute fibre is drawn almost entirely from North East India ; 
the monopoly is worth retaining. The area under the crop is necessarily regulated 
mainly by the demand from abroad and the price the raw material fetches in the 
market. The trade depression brought about by post-war conditions affected the 
area under this crop to such an extent that it shrank to GO per cent, of the average 
area sown in the quinquennium immediately preceding th e Great War. This resulted 
in a heavy reduction in output which naturally forced up the jirice and induced 
growers to increase the area under this fibre, wi(h the n^sult that it lias again reached 
pre-war figures. Two main species of jute, namely, Corchorvn capsvlaris and C. 
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olitorius, are cultivated in India. One of the most successful pieces of work of the 
Bengal Agricultural Department is the isolation of superior yielding strains of both 
these species, and the distribution of seed of these strains to the cultivators. Depart- 
mental selections have found much favour more especially in Eastern Bengal ; 
it is estimated that at least half of the fibre imported into Narayanganj is the pro- 
duct of the seed originated from tliem. 

In this short article it is only possible to refer briefly to the work being done 
on oth(U* important crops grown in India such as juar, linseed, tobacco, oil-seeds, 
fruit, potatoes, fodder crops, coconuts, tea, coffee, beans and pulses. In the case 
of most of these, varieties and types have been isolated and tested under varying 
soil and climatic conditions, with a view to propagating seed of the superior types 
for the use of the cultivator. The scope for further w'ork in this direction is enor- 
mous ; it is no exaggeration to say that the yield obtained from most of the crops 
growm in this country could be doubled or even trebled by selecting heavy yielding 
types and by practising improved methods of cultivation. 

Departments of Agriculture realize that the condition of tlie cattle in this country 
is one of the most essential factors affecting the develojunent of agriculture. With 
the great increase in population which has taken place wuthin the last 50 years 
the f)r(rssure on the land has also increased, and much land, |)reviously availabh'. 
for grazing, has been brought; under the plough. Large ex])anses of culturable 
waste which once supported breeding herds a.re now ])rodacing agricultural crops. 
If cattle are to be reared at a profit in arable areas, the husbandman must have a 
cow wiii(;li will give sufticLuit milk and at the same time rear a good drauglit bullock. 
The niiis ailar humped or zebu type to which Indian cattle belong has been developed 
mainly on draught lines, but the combination of the two cpialitles of jnilk and draught 
is found to some extent in such breeds as the Sahiwal, the Sindhi, and the Thar- 
Parkar to the improvement of which a great deal of time and attention is now being 
given on certain Government farms. 

As regards the improvement of cattle generally, India is jiassing through a phase 
similar to that which [)revailed in England about the middle of the eighteenth 
centuiy l)ut with this difference ; in England the imjirovemeut of cattle by selective 
breeding was initiated at that time by gentlemen ” farmers, while in India it is 
being done by Government. The foundation of distinct breeds is now- being laid 
by Agi i(*ultural Departments ; and improvement is being effected in those breeds 
by selective breeding, crossing, better feeding and housing. In this way the milk 
yield of the herd of Sahiwal or Montgomery cows on the Pusa farm has been doubled 
within the last 15 years. Several of these cows have given over 6,000 lb. of milk 
in a lactation period ; while one of the cross-bred Ayrshire-Sahiwal cows in 
the herd has given 12,000 lb. which is about 12 times the yield ordinarily obtained 
from cows of draught breeds of this country. In years to come cattle-breeders 
will trace with pride the origin of their pedigree herds to the Pusa and other Govern- 
ment herds which are to be found in India to-day : for from these herds bulls of 
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good pedigree are already being Bupplied to cattle-owners for stud purposes. In 
this work of cattle improvement the Veterinary Department is rendering valuable 
assistance. The excellent results obtained by the Imperial Veterinary Research 
institute at Muktesar in the iimnunization of herds against rinderpest by the 
simultaneous method of inoculation is worthy of special mention. 

In India generally there are no pastures worthy of the name, and fodder croj)s 
as such are not commonly grown. In most parts of the country, moreover, many 
useless cattle are kept which get their share of the very limited supply of fodder 
available, to the detriment of those that are deserving of better treatment. Under 
these circumstances no great improvement can be effected by better breeding without 
first im[)roving the food supply. Better feeding is as important as better breeding 
in short. On Government catth‘- breeding farms new fodder crops such as berseem 
(Egy])tian clover) are therefore being grown, and different methods of storing fodders 
tested. Accurate information regarding the digestibility and feeding value of 
different cattle foodstuffs is being collected, and facilities for a thorough training 
in animal husbandry and dairying provided by the opening of the Imperial Institute 
of Animal Husbandry and Dairying at Bangalore. 

With a view to improving the milk su])ply in towns the Imperial Dairy Expeit 
is giving valuable assistance in preparing dairy schemes suitable for urban centres, 
and the Imperial Dairy Farms at Bangalore and Wellington are being run as model 
farms of their kind. The Indians now' being trained on these in the theory and 
technique of dairying wdll, it is ho])ed. start their own dairy farms in course of time. 
With a view to demonstrating the possibilities of sterilizing and transporting milk 
from rural areas w^hcre it is relatively cheap, to urban centres where it is dear, an 
up-to-date sterilizing plant has been set u]) on the Imperial Cattle Breeding 
and Dairy Farm at Karnal, and sterilized milk is now being sent from there to 

Calcutta a distance of over 1,000 miles. Should this experiment prove a success, 

it will open up a vista of great possibilities for the dairy industry in India ; for 
milk costs about three times as much in our larger towns as it does in rural areas. 

The work of the Engineering Sections of the Agricultural Departments in India 
is directed mainly towards developing and increasing the water-supply from wells 
by subartesiaii bores, and designing and testing agricultural implements. The 
introduction of improved tillage im])lements from the West has, undoubtedly, 
done much to raise the standard of farming this country ; the efficiency of many 
of these implements is due to their having been designed by the trained engineeis 
of certain firms working in collaboration w itli our agricultural experts. The pioneer 
work done in this direction has borne fruit, and thousands of improved implements 
are now to be seen in the countryside. The growth of the demand can well be 
gauged from the fact that one pioneer manufacturer in Bombay Presidency has 
a factory with a daily output of 200 iron ploughs w^hich are all reported to be sold in 
the country. The number of improved ploughs sold by Agricultural Departments 
last year amounted to 20,227, of which just over 8,000 were sold in the Central 
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Provinces alone. In that province the sales in the course of 20 years have risen 
from’ approximately 25 to 8,000. These figures give one some idea of the demand 
which has arisen for improved cultivation — a demand which has resulted directly 
from the. activities of the department. Of fodder cutters the number sold through 
departments last year was 5,473 : twenty years ago this useful fodder saving machine 
was being demonstrated to Indian cultivators for the first time. Of the value in 
rupees of the benefit accruing to the cultivator from the use of these and other 
implements and machines introduced it is impossible to form anything like an 
accurate estimate. Suffice it to say that by their introduction labour costs have 
been reduced and better crops obtained, and that the results already a(*hieved 
show what enormous steps can be made towards raising the standard of farming 
in this country by a wide extension of the use of such implements. 

To other lines of research and investigational work in hand I shall refer in the 
briefest terms. They deal with problems such as the conservation of soil moisture, 
the movement of nitrates in the soil, the reclamation of saline lands, the storage 
of farmyard manure, methods of producing artificial farmyard manure, the eflicaency 
of different methods of green-manuring, the solubilization of mineral ])hosphate8, 
animal nutrition, crop pests and diseases, the moisture requirement of ctojks, etc. 
Most of these investigations are still in progress and have not- yet readied a stage 
at vvliich the results can be of practical importance. Tliey are, liowever, gradually 
adding to our knowledge of scientific agriculture, and without that knowledge it 
would be impossible to devise methods of improvement. Tlie advancement of 
agriculture has, in short, to be based on knowledge wliich is the fruit of investigation 
and research. 

In India, the Departments of Agriculture play many parts. Their research 
workers evolve and test improvements under a variety of conditions before recom- 
mending them ; this work is done mainly in laboratories and on exj)erimental 
farms. The district workers of the department play an equally useful part in 
getting the cultivators to incorporate these improvements into their farm firacf-ice ; 
this necessitates the opening of Government seed and demonstration farms as well 
as private seed farms in the villages. It involves, too, the organization of agricul- 
tural associations, co-operative societies, agricultural shows, lectures, jdoughing 
matches and the dissemination of information regarding im}>roved methods of 
husbandry generally. In tlie more ar^vanced provinces, the Department of Agri- 
culture has become both an economic and an educative force of no small importance, 
ft is, moreover, now working more closely than heretofore with the Co-operative 
Credit Department. At the last meeting of the Board of Agriculture held in Janu- 
ary 1924, the progress made in non-credit co-operation and ways and means of 
stimulating further progress were discussed, and stress was laid on the paramount 
importance of the closest co-operation between the two sister departments. The 
expansion of non-credit agricultural co-operation with which Departments of Agri- 
culture are mainly concerned will, it is hoped, proceed pari passu with the expansion 
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of credit societies, though the progress made by the former up-to-date has not 
been entirely satisfactory. Cattle-breeding, cattle-insurance and dairy societies 
in particular have generally failed to make any headway, owing, in nearly every 
case, to the members concerned not taking a live interest in tlieni. 

In the policy of agricultural development adopted by Governinent, education 
plays an important part. In addition to the two Imperial Institutes at Pusa and 
Bangalore which provide facilities for post-graduate courses in agriculture*, agricul- 
tural chemistry, agricultural botany, entomology, soil bacteriology and mycology, 
we have six provincial agricultural colleges of which three aic afliliuted to Lliiiver- 
sities. The post-graduate courses given at Pusa and Bangaloi a t < of a high standard, 
and qualify those who take them for the higliest posts in the Indian Agihultuial 
Service. In connection with the w’orking of the Bangalore Institute, Governinent 
lias also instituted an Indian Diploma in Dairying on the lines of the British JS’ationiil 
Diploma in Dairying, to be granted to students who have successfully coiripleted 
a two years’ course of instruction at this institute. 8])ecia] agricultural scliools 
of the middle school grade are under trial in some ]:Toviuces, and sliort courses 
in special branches of agricidtural [jractice are being given on Government farms. 
With a view to training young Indians in methods of r(*search as a])plied to tlie 
irnprov(unerit of cotton, the Indian Central C^otton Committiic gives research 
s(hoIarshij)s annually to distinguished graduates of Indian Universities, and arranges 
for their training under exjiericnced researcl) workers in the Provincial Dr])artments 
of Agriculture. These various facilities for agricultural education and research 
are proving a boon to the country in jiroviding the department with qualified workers, 
in disseminating exact knowledge regarding better uuqhods of farming and in en- 
couraging men of the cultivating classes to qualify theinselvc's in these improved 
methods. Every well run Government farm, and every ellective piece of demon- 
stration work carried out by tlie department has, moreover, it s own educat ive value, 
and is paving the way for the advancement of agriculture. The pity is that thcv^e 
educative institutions cannot be multiplied a hundred fold. There are other possible 
nietliods of promoting scientific agriculture, for example tin* giving publicit y through 
the printed word to the results obtained by research and experiment. That metliod, 
however, has its limitations in a country where illiteracy is the rule. Among the 
more important publications issued by the Imperial De])arlnient ot Agriculture, 
are bulletins, memoirs, the Proceedings of the Board of Agriculture and tlie Agri- 
cultural Journal of India published bi-monthly. Provincial Dej)artmcnts publish 
bulletins and leaflets on subjects of local interest ; some of them have tlieir own 
agricultural journals in which articles describing the activities of the department 
are published from time to time. 

Though the produce of the land in India exceeds in value all other sources of 
wealth put together, the farming industry has not yet attracted any considerable 
number of men of brains, enterprise and cajiital. The landowners whose duty 
It 18 to lead the way in the advancement of live in t ov ns mostly. 
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and take but little interest in the practical side of agriculture. Even in our legis- 
lative councils the elected representatives of the people have not yet fully realized 
the function of science in economic development, or the necessity of scientific and 
technical control over agricultural conditions and farming methods. This state 
of apathy admittedly does, and will continue to retard progress. There is little 
doubt, however, but that the various activities of Agricultural Departments are 
helping to break down this apathy, and to stimulate a real interest in improved 
methods. In some provinces, landowners are already playing their parts as leading 
agriculturists and have incorporated into their farm practice improvements recom- 
mended by the department. They have opened seed and cattle-breeding farms, 
and are helping in other ways to raise the standard of agriculture in their villages. 

If properly stalled, the Department of Agriculture should in future make much 
more rapid progress than in the past in introducing improvements, for much spade 
work has already been done and the way ])aved for further advancement. Within 
20 years, it should be possible to build up useful ])edigree herds of the principal 
breeds of Indian c.attle. Long before the close of that period there will be many 
hundreds of thousands of improved agricultural implements in India, and many 
millions of acres under improved varieties of our staple crops. But the rate of 
progress will depend mainly on the number and quality of the scientific investi- 
gators employed. With a mere handful of keen and capable men, the foundations 
of scientific agriculture have, in the short space of about 20 years, been wisely and 
effectively laid in this country. Future progress will depend on the thoroughness 
of the training given to Indians who are to build on these foundations. For that 
reason we attach the very greatest importance to the training provided at our 
agricultural colleges, at oux Imperial Agricultural Ilesearch Institutes at Pusa and 
Bangalore, and at our Veterinary Research Institute at Muktesar. We look to 
these institutes to imbue young Indians with a spirit of research — the fountain- 
head of new knowledge on which the development of agriculture must needs be 
based. 



THE UTILIZATION OP SEEDLINGS IN THE ESTIMATION 
OF SOIL NUTRIENTS.* 


BY 

H. NEUBAUER, 

Agricultural Experiment Station, Dresden, 

Any one who has conducted maniirial cx])eriment.s in the field is well aware of 
the difficulties they present. Very often these ex|)eriments are interfered with by 
the weather, so that accurate results are only obtained if the researches are extended 
over several years. Pot-culture experiments aie less de})endent u})oii weather and 
have reached a high stage of perfection, but they require* an extensive and special 
equipment which few institutions possess and could now only be purchased with 
difficulty owing to the high cost of mate'rhil. Further. ])ot ex[)eriments are very 
long and troublesome and hence expensive : tlu^tdore, it is quite impossible for agri- 
culturists to obtain by this means, and within reasonable time, any general informa- 
tion respecting the nutritive substances content of their cultivated soil. Hence 
there is urgent need of a method of mass experiment, by which any experiment 
station can carry out, without new, costly apparatus, hundreds and even thousands 
of soil sample analyses, to determine the nutritive substances j)resent in them which 
can be assimilated by plants. Farmers should be given the opportunity of forward- 
ing 8amj)le8 of their soil at all seasons, in summer as well as in winter, and tlu'se 
samples must be quickly, cheaply and accurately investigated, just as fertilizers and 
stock-feeds are tested. In this way, it will be possible, not only for the few favoured 
individuals who are in a position to conduct |)lant experiments, but also for the gr(‘at 
mass of agriculturists, to suit the fertilizers applied to the requirements of their 
various soils and thus to farm systematically, a result that is of paramount import- 
ance, both from the point of view of national economy and the nation’s food supply. 

The principle upon which is based the carefully worked-out method (1) devised 
by myself and my colleague Dr. Willi. Schneider (Bonn), is the hitherto unknown 
fact that young seedlings do not live as long as possible upon the reserve materials 
of the seed, but employ their rootlets, as soon as they are developed, to obtain 
nutritive substances from the soil. 

If a large number of young seedlings are planted in a small quantity of soil, the 
starving rootlets extract all the assimilable nutritive substances their strength per- 

* Reprinted from Ini. Biview oj St. and Practice of Agri.. K. S., II, No. 4, 

( 53 ) 
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mits, but leave untouched the non-assimilable matter. In this manner, the plant 
rootlets separate out the soluble from the unsoluble substances, thus rendering a 
valuable service also to the chemist, since their choice is certain and leaves no room 
for doubt. 

Our experiments were conducted as follows : -Upon the level bottom of some 
small glass dishes measuring about 100 sq. cm. at the base and 6 cm. high were 
spread 100 grm. ol the soil to be tested, mixed with 60 grm. of pure quartz-sand, the 
so-called “ glass-sand,’’ which is free from any nutritive substances. Over this was 
laid 250 grm. of damp glass-sand, and upon the smooth surface were planted 100 
seeds of the best, heavy sced-rye. The seedlings soon germinated ; they were 
carefully tended, and removed with their rootlets after 17 to 18 days and analysed. 
Only part of the mineral substances entering into the composition of the seedlings 
thus came from the soils to be tested, for a considerable amount was derived from the 
reserve stores of the seed. For this reason, we also carried out a blank experiment 
on barren sand to which no soil had been added and substracted the nutritive sub- 
stances found from the total before obtained. The remainder was clearly derived 
from the soil. 

So far, we have only used this method for the determination of potassium and of 
phosphoric acid, but we arc convinced that it could also be employed in the ease of 
other nutritive substances, such as nitrogen, for instance. The amount of potassi um 
yielded up in this manner to young rye-seedlings by 100 grm. of soil, ranges, accord- 
ing to observations made, from 5 io 100 mg., wliile the phosphoric acid varies from 
0 to 25 mg. Since 1 mg. per 100 grm. of soil is equivalent on an average to 30 kg. 
per hectare, the young seedlings on 1 hectare of soil abstract from the soil up to 3,000 
kg. of potash and up to 750 kg. of pliosphoric acid in 18 days. These amounts 
appear very large at first sight, but in reality they are very small. The seedlings 
used in the experiment were starving, which was necessary, otherwise, they would not 
have exhausted the soil, but plants under natural conditions take up a mucli larger 
amount of nutritive substances in the same short space of time. The reason that 
they do not exhaust the soil to an equal extent is simply that our crop])ing plants 
naturally have a thousand times as much soil at their disposal. Parallel determina- 
tions made according to the new method agree as exactly as chemical analyses, 
provided they liavc been executed by skilful and trained persons. 

As can be seen from tliis brief description, the new method not only has the ad- 
vantage of being quickly carried out by means of small packets of soil samples that 
can easily be forwarded by post, but it also has another point in its favour. Whereas 
in other vegetation experiments it is necessary to insure the optimum condition of 
the growth factors that are not involved in the test, and to supply an excess of all 
the nutritive substances not under consideration, in this new method all that is 
required is water and warmth. Especially good illumination is not oven essential. 
In this manner the carrying out of the experiment is greatly simplified, there is no 
danger of producing unwelcome changes in the soil hy the addition of other i^atters. 
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and it is thus possible to use the same material for the determination of tlie root- 
solubility of many nutritive substances instead of being necessary, as hitherto, to 
fit up the experiment anew for each fresh compound. In the usual type of vegeta- 
tion experiment, the amount of nutritive substances contained by the soil is esti- 
mated from the yield of plant substance when the plants are gathered. Therefore 
the nutritive substances in question must not only have beni taken uj) by the 
plants, but also turned to excellent account, which according to the law of 
minimum ” or as it is now called the “ law of the influence of growth factors ” is 
only possible when all the growth factors not involved in the test are at their 
optimum. By this method, however, there is no need to ascertain what the 
plants do with the nutritive substances thcv have absorbed from the soil ; it is 
sufficient to ascertain the amount they have abstracted. Fortunately, the law of 
the influence of growiih factors, which is so troublesome in other experiments, does 
not apj)ear to affect the mere abstraction of nutritive soil substances by very 
young seedlings that still possess a largo store of reserve material. We may 
imagine the j)lants saying, “ let us diligently collect only stones for building and we 
shall soon find means of using them.’’ In the o])en fields also, the first efforts of 
the germinating seed in early spring are directed to collecting building material to 
be used iater, when the chlorophyll apparatus has become strong, under the in- 
llucncc of more intense irradiation. 

From what has already been said, it is clear that a much larger number of tests 
can be made by the new method of vegetation experiments than was jiossihli', to 
carry out with the old systems ; further, the experiments can be conducted at all 
seasons of the year. One important question, however, remains to be answer<'d, 
viz., is the new method accurate a;nd trustworthy ? That it is based upon existing 
laws has been shown by the agreement of parallel experiments and the great differ- 
ences in the data obtained in the case of soils of unlike com])()sition. How far this 
method is pnictically feasible must be decided by comparing tin' results obtained 
with those found by means of field manurial exj^eriments, but as 1 hese are themselv<^s 
affected by several sources of error, it is advivsablo to take the soil samples from 
ex])eriment fields that have been long under observation. This has in fact been done, 
and 1 have always requested my colleagues wlicii lorwarding such saiujiles, not to 
give me any information respecting the nature of the soil and its condition as rc'-gards 
fertilizers, until I have reported the findings of my experiments anrl made my cal- 
culations. They invariably complied with my wishes, with tlic results that will 
liresently be given. 

In order to determine by the seed ling-method the nutritive substances recpiired 
by a soil, it is needful to know how many mg. of each nutritive substance must be 
contained by an amount of the said soil, corresponding to 100 grm. of dry sub- 
stance. 

Judging from our present experience, we are of opinion that tlie highest yields 
can only be obtained from the plants in question (in the absence ol potassic or y^lios- 
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phatic fertilizers), when it is possible for the seedlings to abstract, from a quantity 
of soil corresponding to 100 grm. dry substance, the following minimum 
amounts : — 



Potassium 

Phosplioric acid 


mg 

mg. 

Eye, Wheat 

U 

8 

Barley, Oats 

18 

7 

Red clover] ....... 

29 

9 

Lucerne ........ 

;u 

19 

Meadow plants ..... 

:i8 

lU 

Potatoes ..... . . 

97 

1 

10 

Sugar-beets ........ 

99 

12 

Mangels ......... 

()() 

14 


It is necessary to remark that these limits are based upon a general estimate and 
must be supported by the evidence’ of further experiment. 

They apply to arable soil of the medium depth of 25 cm., where no nutritive 
substances have been added to the subsoil. It is of ])aramount imj)ortance that the 
amounts of nutritive substances supplied are enough to produce a maximum yield. 
Should it be impossible to obtain a maximum crop owing to the mechanical composi- 
tion of the soil tested, or to the climate or lack ot water, smaller quantities of nutri- 
tive substances that can be assimilated by j)lant roots will be sufheient. Therefore 
the data obtained from the seedling-method cannot be used as a general scheme. 
This objection applies not only to our method, but also to all other artificial systems. 
Field manurial experiments are indeed free from this limitation, but they have many 
other drawbacks. 

The testing of our new method by the investigation of soil samples from experi- 
ment fields of known condition as regards fertilizers, included 65 potassium and 
phosphoric acid determinations. Most of the data are given in the above-men- 
tioned treatise and as space is lacking here to reproduce the tables, it is only necessary 
to state that the agreement between the figures found and the condition of the fer- 
tilized fields, was in every case very satisfactory. 

The following facts have not hitherto been published. The figures represent the 
amounts (in mg.) of potassium and phosphoric acid found by means of the seedling 
method in a quantity of soil corresponding to 100 grm. of dry substance. The 
experiments were conducted in the experiment field of the University of Hi^lle 
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(Saale). This field had been planted with rye uninterruptedly since 1879 ; it was 
manured annually with stable manure and also with chemical fertilizers. 


Kind of fertili'/or 

PotaRsium 

i 

Phosphoric acid 

Unmanured ......... 

! 

90 

61 

Nitrogen alone ......... 

7-2 

:br> 

8,000 kg. aOible- manure ...... 

18-0 

t)-R 

12,000 kg. siable-manure ....... 

22-2 

S-8 

Complete minora] fortili/er without nitrogen .... 

8.5 0 

1.50 

(’omjjletc^ mineral fertilizer ....... 

:!()•(; 

l(e7 


The figures agree very closely with the actual conditions. 


Experimental Field of Gotongen University. 


The fu^ld had be(*n ])lant(*d with regular rotation.s of cro|)R for 30 yearn and 
manured during that time an follows. No lark of ])o1asRiuiu was not’ceable (except, 
in fh(^ case* of very exacting plants), ev(*n oji tlu‘ plot:; tliat had received no fertilizer. 


Kind of fertilizer used 

potassium 

Plu>8})horic acid 

UiimanunMl ......... 

291 

19*7 

Nitrogen only ......... 

21 -7 

U-8 

1‘hosphorie arid only ........ 

20-2 

26- 1 

Potasaiuni only ......... 

.5C,(t 

19-6 

Complete fertilizer without potassium ..... 

2.5-, 5 

17-4. 

Complete fertilizer without ])ho8phoric acid .... 

67 -,5 

i9;i 

Complet(i fertilizer without nitrogen ..... 

01-9 

220 

(k)mplete birtilizer ........ 

59-4 

21-4 

Here again the ex])c-rinu‘,ntal results were, a true, re 

flection of th(‘ soil conditions 


as regards manuring. 

Experiment Station of the Agricultural College (“ Landwirtschaftlk he 
HoCHSCHULE ”) of BoNN-ruPPKLSDORF, BoNN. 

The experiments have been in progress since 1890. No lack of phosphoric acid 
has been shown even on the unfertilized plots. On the plots without potassium, 
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the yield was little decreased in the case of wheat, but was much lower than usual 
in some instances where the crops were of a more exacting character. The fertilizers 
were not heavily spread as in the case of the Gottingen ex])eriments but the amounts 
given were calculated to replace, as far as possible, the substances a])stracted by the 
crops. 


Kind of fertilizer used 

Potassium 

Phosphoric acid 

Complete fertilizer without nitrogen ..... 

24-5 

15'8 

Complete fertilizer without })otas8ium ..... 

14-8 

14-9 

Complete fertilizer without phosphoric acid .... 

26-6 

1 90 

Complete fertilizer ........ 

22-3 

11-3 


The figures found gave a very accurate conception of the condition of the field 
as regards fertilizers. 

Soil composed of weathered Bunter-sandstone : field man u rial experiment with winter- 
harlej/ ; ])revious (^rop ilve-y(*.ar lucerne. The figures obtained were. j)otassiuru r)4*() 
mg., jjhosjhcu'ic acid only 4'0 mg., therefore the soil must b(> regarded as very rich in 
potassium, but ])oor in ])hosphoric acid. Th(‘. field inanurial experiments gave the 


following results : 

kg. grain 

Unmamired ........... 2.050 

Manured \rith nitrogen and potaflsium ....... 3,090 

Manured with nitrogen, potaBsium and phosphoric acid .... 4,720 


Here again, the maiiurial condition as shown by the bihaviour of tln^ young 
seedling method was full}^ confirmed by the field inanurial experiments. 

The new method wall ];>e further extended with a vif^w to the determination of 
tile lowest values that will provide the amount of nutritives sulistances nec(‘-ssary to 
comj)leteiy satisfy the requirements of different plants under various conditions of 
soil and climate, oven in the case of a maximum yield. WTiether ry<‘, is the best 
plant to ur>c in these researches, will also be investigated, and whether it is sufficient 
to keep to a single variety of plant throughout the experiment. 

The success already attained inspires us with the hope that this n ;W method will 
ho adopted in all agricultural experiment stations, as being a valualile aid U> research, 
and useful in giving every farmer the opportunity of obtaining a clear idea of the 
store of nutritive substances present in his soils. It is hoped also that the scope of 
the new method will be further extended, for wo believe it will prove of great service 
and enable us to penetrate quicker and deeper than heretofore into many of the 
domains of soil science and of plant physiology. 









NOTES 


IMPROVING THE VILLAGE FOWL OF INDIA. 

From the experience of six years’ work with poultry in tliis country and from ex- 
periments carried out in connection with the work of the U. P. Poultry Assocurtion, 
the writer is persuaded that if the village fowls were graded, that is to say, the ordinary 
village hens mated with males bred from good egg-laying stiains. tlit‘ lesult would 
well rejmy the undertaking. Grading in otJier branches of live-stock such as cattle 
and horse breeding has given satisfactory results, and for tin* peasant of India, 
wliose economic conditions ])reclu(le the raising of jjurc bicd strx'k, grad(‘d stock 
would bring in substantial profits in egg production 

A further reason for apjdying grading to the [ioultry of tliis country is the simjdi- 
citv with wliich it could be done ; the initial cost would be small and tin* rate of re- 
{)roduction being so rapid, the benefits of increased food ])r()duction would be ra.]>idly 
realized. 

In suppf)rt of this contention, I waiuld cit.e tlie recent ex])erim(mtai work done 
in tliis connection by Dr. Lippencott at tlie KansAs Kxj)erimimtal Station. U. S. A. 
In P)L‘b forty mongrel pullets w ere purchased of no j^articular \n\\w or bri'eding. and 
of any colour. These foiIy liirds were divided into four lots and with (‘ach lot or 
pen of ten birds w'ere ])laced the following cockerels : — 

Pen 1 was mated to a White Or|>ington cock, whose dam laid 1S7 eggs in 10 
months. 

Pen 2 w^as mated to a Barred Plymouth Kock cock, whose dam laid 202 (ggs 
in one year. 

Pen 0 was mated to a White Legliorn cock, whose dam w^as bred from a piui of 
232 egg layers. 

Pen 4 was mated to a mongrel male with no record. 

Thefollowing year 10 daughters of each pen w ere again mated to cockerels of the 
same breed as in the original matings. The following tables give the tabular 
resRlts of egg records of each pen e^ch year and of their respective descendants, 

( 69 ) 
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Table I. 


Egg records of the females in Pen 1 and of their respective descendants in Pens F, 

IX, XIII (White Orpington grades). 


T. Ten mongrel 
|)nll(‘ts mated with 
Whit(' Orpington 
1913-14 

Pen V. White Orping- 
ton grades niatt'd with 
W. 0. cockerel 
1914-15 

Pen TX. White Orping- 
ton grades mated with 
W. 0. cock 

1915-16 

Pon Xlir. White Or- 

pington grades 
1916-17, 

TotJil egg production 848 

Total egg production 
1,268. 

Total egg production 
1,058. 

Total egg production 
796. 

Average egg production 

Average egg produc- 

Average egg produc- 

Average egg prtxiuc- 

84-8. 

tion 126*8. 

tion 105*8. 

tion 79*(). 


Table II. 


Egg records of the females in Pen II and of their respective descendants (Barred Ply- 
mouth Rock grades). 


Pen II. Ten mongrels 
inat(?d with Barrc d IMy- 
inouth Rock coc kerel 
1913-14 

Pen VT. Barred Ply- 
mouth Rock grad(‘S 
mated with B. P cock- 
erel 1914-15 

P<*n X. B. i\ Rock 
grades mated with B. P. 
R. cock('rc*l 
1915-16 

Pd) XIV. Barr< d Rock 
grades 1916-17 

/ 

Total egg production 

Total egg production 

Total egg production 

Total egg production 

985. 

1,325. 

1,490. 

1,556. 

Average (‘gg production 

Average egg production 

Average egg ])roduction 

Average egg production 

98*5. 

132*5. 

149*6. 

155*6. 


Table III. 


Egg records of the females of Pen III and of their respective descendants ( White Leghorns). 


Pen HI. 10 mongrels 
mated with White Lt)g- 
horn cockerel 
1913-14 

Pen VII . W.L. grades 
mated with W. L. cock 
1914-16 

-Pen XL W. L. grades 
mated with W. L. cock 
1915-16 

Pen XT. White I^eg- 
horn grades 1916-17 

Total egg production 

Total egg production 

Total egg production 

Total egg production 

723. 

1,559. 

1,886. 

1,926. 

Average egg production 

Average, egg production 

Average egg production 

Average egg production 

72-3. 

155*9. 

188*6. 

192*6. 
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Table IV. 


Egg records of the females of Pen IV and of their respective descendants {mongrels). 


Pon IV. 10 mongrels 
mated ^ith a mongrel 
cock 1913*14 

Pen VIIJ. Mongrels 1 
mated with mongrel i 
cock 1914-15 ! 

Pen XI 1. Mongrels 
mated with mongrel 
cock 1915*16 

IVn XVI. Mongrels 
1916-17 

Total egg production 

Total egg production 

Total egg production 

Total igg ])roduction 

958. 

1,040. 

1,452. 

1,296. 

Av(‘rage egg production 

Average egg production 

Average egg ])roduetion 

Average egg production 

95*8. 

104 0. 

145-2. 

129-6. 


Table V. 


Average percent, of increase or decrease in first year of prod uc lion (f each generation 
of offspring eoinparcd with the original namgrcl pen. 


Breeds^ 

First geuie- 
ratioii 

Second geiu ration 

Tiiirel generation 

White' Leghorn grades .... 

115-62 

160-8.5 

166-39 

Barred Plymouth iloek grud( s . 


51-87 

57-97 

White Orjangton grades .... 

49-52 

2476 

6 13 

Mongrels ...... 

8-55 

51-56 

j 35-28 

! 


From the results it will be seen tliat there was a very marked improvement in 
all three groups of graded birds in ccunparkson with their mongrel mothers in the first 
generation. In the second generation the imj>rovement continued especially in tlie 
Leghorn grades, but the Orpington grades did not lay as well as tlieir mothers. In 
the third generation the iuiprovement continued for Leghorn and Rock grades 
though at a considerably reduced ratio. One fact conies out strongly that the egg 
production of the original mongrels gave no basis for predicting the probable prodiic- 
tiou of their descendants ; the fact suggests, rather, that the ])roduction of the de- 
scendants was largely determined by the sires used. 

The conclusions of the test among others were : — “Tliat the egg production of a 
poor producing mongrel flock of chickens may be quickly and markedly improved 
by grading through the use of cockerels from high laying families.’' 

From personal experience in the United Provinces, a dcsi hen mated to a Brown 
Leghorn cockerel produced a daughter that laid 01 eggs in OG days. This bird was 
trapnested by me at the Lucknow Model Poultry Farm. The varieties of Leghorns 
bred from high producing males have in our experience in the United Provinces given 
best results and suit the country hen best in type and size. 
















62 


AGRIOITLTUIIAL JOURNAL OF INDIA 


[XXI, 1. 


From experimental matings of Kliode Island Red cocks with White Chittagongs 
we have produced pullets showing at birth sex-linked inheritance, i.e., all pullets 
being red and cockerels white and laying 50 per cent, larger sized eggs and 
showing better egg records than their Chittagong mothers. Many other examples 
can be quoted. 

There are now in India many cockerels going to waste that with a small amount 
of organization and expenditure could be bred with village stocks under super- 
vision, and we would suggest that wherever possible this should be done at all 
agricultural farms where interest in poiiltiy is taken and the experimental work 
should be tested in villages in close proximity to such farms. 

I am hoping to put up before Government a scheme for the manufacture in India 
of egg powder for export abroad. This industry is largely carried out at present 
in Cliina, If ado])ted in India, it would create a peasant industry, and as tliere 
would be an increased demand for eggs to supply to the factories the grading of the 
village fowls would mean a very much larger revenue to the country. Unless we do 
something definite and practical of this kind we are wasting good oj>))ortunities of 
benefiting the })eople among whom we work. The hardy country hen would well 
re})ay for grading, and the means of doing so are well within our reach. [ Mrs. 
A. K. Fawkks.] 


THE ROMANCE OF THE PLOUGH. 

The j)lough is one of the romantic things of the world. It has apj)ear<Ml in all 
ages, among all i)eoj>les, and its conception is apparoitly one of the natural instincts 
of mankind. Its history goes back to the Egyptians, and the early Biblical writers 
were familiar with its use. The Romans, in their long occupation of four centuries, 
brought ploughs to Britain, and it is said that they used the wheel and the removal 
breast, but they found ploughs in Britain when they came. It may be said with 
confidence that all primitive })lough8 were made of wood. The early Gre(;ks used 
the trunk of a small tree, with two opposite branches, one forming the share or 
I>oint, the other the handle, while the trunk formed the beam. It is recorded that 
iron — that is, wought iron -})loughshares or points were used many centuries 
b(dore tlie Christian era by the Romans and the Persians. 

In those troublesome times it was ploughing one year and fighting the next, 
and the plough points would be hurriedly beaten into swords and spears and back 
again when the war was over. One strange thing ab )ut the plough was the idea 
in many centuries that iron passing through the soil — especially in the case of the 
breast -poisoned it, and an American paper stated that this belief was not entirely 
confined to the Ancients, as the same superstition was shown by many American 
farmers when the first iron ploughs were originally introduced in America about 
1797. It may be nientiomxl that wood is in one respect a very good material for a 
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j)lough breast, as in sticky soils it clears itself much better than an ordinary iron 
breast. Glass and porcelain breasts have also been experimented with, having 
the same object of view. In modern days, steel breasts, made imder a special and 
expensive process, with a very hard and highly polished surface, give ])erfect results 
in the most adhesive soils. Before their introduction the ploughman \vorking 
under sticky conditions had to carry a “ spud,” wherewith to constantly remove 
the accumulation from the breast. Two interesting ])oints in cojouH tion with 
ploughing may be mentioned hen*!. In the Cottonian manuscripts there is sliown 
a picture of a Saxon ploughing, in which the ]>loughman is caiTying aji axe where- 
with to bn^ak tlie cIckIs from time to time as he goes along. In iO!)!, an Act of 
Ihrliamejit had to be passed to stop the barbarous custom then j>revalent in Ireland 
of fastening ploughing horses by the tail. 

Plough shares were made of only wrought iron up to 1785, when a ])aterit was 
granted to Kolx^rt Bansome th(‘. founder of the now' famous l])swich firm of Paji- 
Bonu's, 8ims Jefferies Ltd.— for a process of making and teiupering castriroii 
])loiighshares. hi 1805 a further patent w'as granted to Mr. Ransome for a ])rocess 
by which tlu‘. undersurface of the share was chilled, becoming (‘.xtremely Laid, 
while} the upj)c‘r part reniaiiu'd soft and tough, and wearing away more quickly 
than th(‘ lower ])art, left the edge ahvays sharp. In 1808 ]\Ir. Ransom'* ]>ate,iit<‘d 
thci great feature of all modern })loughs, m., the construction of the Ixxlies in such 
a w^oy ns to admit of tlu‘ir being (uisi^y taken to ])ieces on the fi(id, and fr(‘sh laxrts 
substituted. Many otheu’ abl(‘ men combined to im])r()Ve the construction of tli(} 
plough in Great Britain. Among otluu’s may bc} mentioned Small, Foljambc}. Taske^r, 
Ball, Howard, Hornsby, Pagc\ Cooke*, Gray, Wilkie and Sellars. The result is tlie 
improved jJough of to-day, wliicli iwists in many forms t > suit all kinds of soil and 
conditions of work. 

The evolution of tlie plough may be summarized as follows; (1) A ])ointc‘d 
piece of wood dragged through the ground; (2 the saim* with wrought-iron ])io- 
tec.tion ; (;?) the same with a point of entirely wrought iron ; (1) wTought iron yioint 
or share wuirking with a w'oodtm breeast ; (5) as (4), but with woocum breast cmviux^d 
with wrought iron plate ; (6) (end of 18th century) sliare and breast sometimes 
WTuiight iron, covereni with wrought iron plate ; (7) about 1805. lueast w itli cast- 
iron or 8t(‘el breast, sometimes chilled ; (8) (present day) brt*asts of all materials, 
including iron, chilled iron, and steel of varifriis cpialities, sliares of steel, chilled 
iron, or other sjic^oial material. It will thus bc‘ seen that this univt*rsai cultivating 
implement of the human race^ the j)lough was first fashioned from the branch 
of a tree by the rough axe of the earliest cultivators of the soi ; thciu by the rude 
carpenter of early times ; after tliat to come into the hands of thc} village black- 
smith, and finally to be manufactured by the trained engineer, assisted by all the 
modern appliances and scientific resources of civilization. 

British engineers were once again pione<‘rs, and so far as tlu} modem ])lough 
is concerned, their product/S soon became famous throughout the world. Tlie emi- 
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grants to British Colonies in the ’40^8 and ’SO’s took British ploughs with them. 
They were also sent to the United States and India. The object of the plough 
is to turn over the soil and expose a new surface to the atmosphere. The winter’s 
frosts disintegrate the clods, while from exposure to the air the soil gathers fresh 
vitality. There are many forms of furrow to suit different soils and conditions 
for which many different shapes of breasts and shares are designed. Further, the 
ploughs of to-day are of many different kinds. Ploughs for subsoiling, ploughs for 
ridging, ploughs for draining, ploughs for laying the furrow all one way, and ploughs 
for direct traction either by steam or petrol and paraffin tractors. The object of 
Bubsoiling is whi’e leaving the fertile land on the top to break or stir up the sub- 
soil to enable deep*- rooted crops to ])enet ate the hard surface of the previously 
undisturbed soil. In a recent experiment in the neighbourhood ot Ipswich with 
sugar beet, a wide strip across the middle of a field where this was to be plantiid was 
first subsoiled. In du(‘ time it was found that the subsoil portion produced beet 
of l)etter sha})e and larger size than came from the part of the field not so trt^ttid, 
which repaid many times the (ixtra expense incurred. Ploughs for laying the furrow 
all one way are made in many different forms. Tlu^y are valuable for ploughing 
on hill sides, and on light land where the open or water furrows of the ordinary 
ploughing are not necessary. 

The double plough in its Bim])lest form was in use so long ago as the reign of 
Cromwell, but it was heavy, (durusy, and unwieldy, and it was not until the Jefferies 
patent lifting a])paTatus was introduced in 1870 that double and multiple ploughs 
became a really practical ]uo}) 08 ition. By the use of this apparatus, not only can 
the depth of the ploughing be regulated with great case, but it is also invaluable for 
lifting the plough out of work at the end of the furrow, and for transit from place 
to place. 

Since the introduction of the petrol and paraffin tractor, the tractor plough has 
reached a very high development. Plou^s of this ty])e are generally fitted with 
a self-lifting arrangement. To lift the jdoughs out of the work, the driver of the 
tractor simply pulls a string attached to the self-lift apparatus off the plough, and 
the same pull of the string lets it into work again. Another interesting form of 
plough is the so-called stump- jump plough,” which has a considerable vogue in 
the Colonies. It is so constructed that when meeting a buried rock or tree stump, 
it automatically climbs over the. obstacle and enters into work again without damage 
to the plough. A modern and important development of the plough is the disc 
plough,” which has proved itself especially efficient in ploughing land baked hard 
by the sun. This type of plough is largely used in South, East and North Africa, 
and is coming into its own in India and other hot countries. This article haa dealt 
only with ploughs for animal draft and for direct traction. Great service has also 
been rendered to the agricultural industry by the double engine or cable system 
of steam ploughing, but we cannot now enter further into the subject. [Burn*8 
Engineerinj Magazine, April, 1926.] 
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SYNTHETIC FARMYARD MANURE. 

Through the courtesy of Mr. E. Haimaford Richards, B.Sc., F.J.C., Managing 
Director of the Agricultural Developments Company, w^e are a})]e to |)ublisli further 
details of the Adco process, and to make certain airiendiuents to former articles 
which have appeared in this Journal {Trojyical Agriculture^ Vol 1, No. 8j August, 
and No. 9, September 1924, pp. 116 and 133). 

At the outset, it is necessary to state that the j)ro])rietors of the Adco process 
now desire to describe tlieir j)roduct as synthetic rattier tlian artificial manure, since 
this term has given tlio (uroneoiis impression that the material is of an inorganic or 
chemical nature, whereas actually it comprises very nearly the same components 
as farmyard manure (in particular the valuatile organic matter), with the difference 
that its ingredients have been synthevsizeJ or built up from the same main raw material 
as farmyard manure by the agency of added bact(‘rial stimulants, but without the 
intervention of farm animals. 

As a result of recent inviistigations, it lias been demonstrated that the doemm- 
position of jdant residiuvs, through the activity of micro-organisms, takes place in 
several stages. First of all, sugars, pentosans and starches are consumed by a 
variety of organisms, notably fungi. It seems likely that these carbohydrates are 
built up into living cell material (})rotein), which is itself broken down at a later 
stage, providing the most available type of organic matter in the finished manure. 
Cellulose itself decays (•omj>aratively slowly, and may be r(‘g<a.rded as a “ scaffold’’ 
sup])orting and distributing the decom]>ositioii ])roducts of the other simpler cai- 
bohydrates. Contrary to form(*r opinion, it has also now been |)roved that reduc- 
ing sugars in moderate amount, and higher nitrogen eompounds (if not bactericidal), 
actually assist rather than hinder the formation of a satisfactory manure. 

In common with all living plants, the mi(To-orgariisms coucerned in cellulosic 
fermentation, require nitrogen for tlieir sustenance. Fre(juently, the amount 
of nitrogen contained in the raw material upon which they act, is iusullicient for 
their needs. Consequently, it is neciissary to add nitrogenous com[)ounds to aug- 
ment the supply naturally present, if a satisfactory fermentation is to be obtained. 
In the case of cereal straw usually 0*7 j>er cent, of nitrogen, measured on the dry 
weight of the straw, is required to make up this dclicit. For cane trasli, the mH*es- 
sary amount is jirobably nearly the same. The additional nitrogen may be su])plied 
jn the form of some inorganic nitrogenous c<^m]>ouud (Adco ])rocess), oi as urea 
contained in the urine of farm animals (Mauritian method, as well as the ordinary 
farmyard or pen manure process). 

In their earliest experiments, the Rothamsted investigators used ammonium 
carbonate as a source of nitrogen, but for reasons of cost, suljihate of ammonia was 
employed in later large scale trials. This gave fairly good results, but its sulphuric 
acid content was objectionable, while the high solubility of tlie salt led to accidental 
loss in distribution. Mr. Richards states that for two years past tlie Adco Company 
has manufactured its own reagent which contains no sulphate of ammonia. The 
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new reagent ensures a neutral or slightly t^Jkaline fermentation, while the phosphate 
nitrogen ratio in the finished manure is greatly improved. The formula of the re- 
agent has not yet been divulged. 

The extent to which fixation of atmos'pheric nitrogen may proceed during the 
manufacture of synthetic manure, through the agency of specific micro-organisms, 
has apparently been unduly exaggerated. Mr. Richards' laboratory exj)eriments 
commenced in 1915, and repeated with the co-operation of Dr. Hutcdiinson in 1918- 
19, have conclusively shown that, even under the most ideal conditions, the actual 
gain due to the fixation of atmospheric nitrogen seldom exceeds 0*5 per cent, of 
the dry weight of the straw employed as raw material. Usually it is 'much less. 
In large scale trials with straw heaps, the maximum gain was found to be only 0*1 
per cent. Thus little additional advantage can be expected from the co-operation 
of atmospheric nitrogen fixers. 

In the manufacture of synthetic manure by the Mauritian method, the writer 
found that the increase in nitrogen over that contained in ordinary Trinidadian pen 
manure, was only about 0-036 per cent, of the weight of the final manure, or about 
0*156 per cent, of its dry weight, which amply agrees with Mr. Richards’ experience. 

The fact that the increase in nitrogen due to atmo8})horic nitrogen fixers is rela- 
tively small, is explained on the grounds that there is usually only a limited amount 
of suitable carbohydrate (sugar, pentosan, starch) available for the nourishment 
of the micro-organisms that can assimilate either atmospheric nitrogen or chemical- 
ly^ combined nitrogen, and that, when this supply has been exhausted, no further 
assimilation can occur. Consequently fermentation then proceeds very slowly. 

On the other hand, if the supply of suitable simple carbohydrate in the raw* 
material is considerable, but at the same time, the amount of nitrogen present in 
the manure is insufficient, the nitrogen assimilating micro-organisms may diaw on 
the reserves of nitrate nitrogen in the soil, and the manure may then exert a de- 
pressing effect on crop yield when first applied to the land. Herein lies the danger 
of employing too much cellulostic litter in the manufacture of ordinary farmyard 
manure, and indeed of Mauritian pen manure also. 

For obvious reasons, it is not easy to arrange the proper balance of nitrogen to 
carbohydrate when manure is made by treading litter under stock. On the other 
hand, once the normal composition of the raw material has been determined, the 
Adco process enables a well-balanced manure to be produced without any risk of 
those losses of valuable fertilizing constituents which are generally recognized as 
inevitable under the older systems. 

This, then, is the secret of the Adco process. By means of a long series of 
laboratory experiments augmented by numerous large-scale trials, the Rotham- 
sted workers have gradually evolved a formula and a mode of operation which yield 
results that are highly satisfactory in respect to the manurial quality of the final 
product. It only remains to be seen whether or no the use of Adco synthetic manure 
compares favourably with other systems of manuring when considered in economic 
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aspect. Various trials are being made, aot only in Great Britain, but in many 
tropical and subtropical countries as well, in order to settle this question, and it 
may interest our readers to learn that large-scale trials will ))robably soon be in- 
augurated in Trinidad under the joint auspices of the Trinidad Dej)artment of Agri- 
culture and the Imperial College of Tropical Agriculture. The results of these 
trials, when available, will be published in this Journal. [ F. Hardy in Trof, 
Agri,, II, No. 6]. 


SUGARCANE TRASH AS MANURE. 

In the last nranber of this Journal,^ an authoritative account of recent advances 
in our knowledge concerning the natural decomposition of cellulosic plant material 
was presented. It was stated that the investigations of the Kothamsted workers 
have demonstrated that the micro-organism.s responsible for the break-down of 
straw, cane trash, and any similar vegetable matter that may be applied to tlie 
land, require for their sustenance a certain amount of nitrogen. The initial nitro- 
gen content of straw and the like is usually not sulhcient to supply this need, nor 
can much aid be expected from atmosplieric nitrogen-fixing bacteria winch 
generally accompany the cellulose organisms. ( Vmsequcntly, nitrogenous substance 
in the form of urea in urine, or in the form of some other suitable com 2 )Ound, such 
as that which comprises the main ingredient of Adco mixture, must be added 
before a satisfactory cellulosic fermentation can be obtained. If such initial addi- 
tion be omitted, the micro-organisms may draw on the nitrogen reserves of the soil and 
this may le^d to seriously diminished yields, because the micro-organisms will 
compete with the crop for nitrate. 

There has sprung up amongst sugarcane planters in some countries a certain 
disregard of the possible losses that may be incurr(*d by tlie ])ractice of burning 
trash off the canes before reajnng. In many instances, it has been urged that cane 
fires are really beneficial, in that they made rea})ing a mucli ‘more ra])id, chca]), 
and easy operation (doubtless justifiable in the case of certain sugarcaue vai ieties, 
such as Uba), and in that they effect partial sterilization of the surface soil, and 
serve an even more useful purpose in destroying ihe spores of fungi and the eggs 
of injurious insects. Whilst these desirable effects are no doubt frequently at- 
tained by trash burning, they should be offset against loss of sucrose in the burnt 
canes, and destruction of humus in the soil. 

An additional reason sometimes put forward in defence of trash burning, is that 
the extra trouble and expense involved in the stripping and ploughing-in of bulky 
cane trash apparently is not always repaid b)' increased crop returns, such as miglit 
reasonably be anticipated. As far as the writer is aware, no conclusive experiments 
based on actual costing have ever been conducted to test this supposition, but it 
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appears likely that, in certain instances, the addition of a large bulk of cane trash 
to a soil initially poor in nitrogen reserves, might temporarily deplete the soil of 
nitrate (for reasons already given), and thus reduce the magnitude of the crop. 

In support of this opinion, it might be stated that cereal growers in northern coun- 
tries have found that the practice of ploughing-in fresh straw generally results in a 
marked depression in the yiel^l of tlie succeeding crop. In order to overcome this 
difficulty, the Rothamsted investigators^ have suggested that a leguminous crop 
should be grown immediately following an application of undecomposed straw. The 
leguminous crop would, of course, be largely independent of a soil-nitrate supply 
because of the activity of its nodule bacteria, and, moreover, its residues would fur- 
nish nitrogen in amount amply sufficient to supply the needs of straw-decomposing 
organisms. A beginning was made at Rothamsted by investigating the action of 
straw chaff upon the development of root nodules of soya beans growing in pot 
cultures of soil. A large increase in the number of root nodules, was found to occur 
as a result of the straw addition. In one instance, the number increased from 234 
to 636. Nevertheless, the yield of the leguminous crop was not correspondingly 
increased, because, whilst the straw stimulated the infection of the roots with nodule 
organisms, it did not cause an increase in root growth, so that the root systems were 
too small adequately to feed the increased number of nodules. Subsequently, the 
combined action of straw and phosphate was tested. It is well-known that 
phosphates stimulate root development, and it was thought that its effect might there- 
fore give, in addition to a greater number of nodules, a considerable increase in crop. 
These expectations were completely realized in preliminary trials, and it is ex- 
pected that eventually a new system of manuring will be evolved, by which un- 
rotted straw may be applied to soil, followed by a leguminous crop manured with 
phosphate, so that the nitrogen losses usually attendant upon the incorporation 
of cellulosic material into soil may be overcome. 

Sugarcane planters might with advantage note tliic results of tliis important work 
at Rothamsted, for it is gradually being realized, at least in tropical countries that 
have long been growing the sugarcane croj), that some sort of rotation must be 
practised, and greater care taken to conserve or to build up the su[)ply of organic 
matter in the soil, if serious deterioration in fertility is to be avoided.^ [ F. Hardy 
in Trop. Agri.y II, 6.] 


TRANSMISSION OF A ROSETTE DISEASE OF THE GROUNDNUT. 

The important part played by insects in the dissemination of the virus diseases 
of plants is now recognized, and experimental proof of transmission by particular 


^Discussion on the action of Bacteria on Cellulosio Materials. Jow. Soc. Chem, Indus., 1923 
XLir, 26, remarks by H, G. Thornton, p. 286 T. 

» Report ofa Committee on Agricultural Progress, American Sucar-oane Leaime 1923 (Loui^ana ) 

in FacUt about Sugar, July U. 1923. p, 34. Also 8. F. Norse, ibid, Aug. 11, 1923, p. 131. 
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insects exists in a number of cases. As a result of investigations during the past 
season, we are able to add one more to the list of those diseases of which the insect 
vectors are known. 

During recent years the cultivation of the groundnut or peanut {Aracliis hypo- 
gea, L.) in parts of South Africa has been seriously handicap])cf by outbreaks of a 
disease locally known as “ rosette.’’ The leaves of an ailected jJant are small, twis- 
ted and closely crowded, owing to the non-elongation of the inlernodes of the stem, 
giving the plant a bunched or rosetted appearance. These leaves are generally 
yellow, but in many cases show definite mottling. No seed is set by a plant di- 
seased at an early stage of growth ; and the yield is materially reduced by late in- 
fection. 

We believe this rosette disease to be identical with the East African krausel- 
krankheit ” of Zimmermann {Der Pflanzer, 1907 and 1913), with the Javan ‘‘ krul- 
ziekte ” of Rutgers {Dept. Landhonw. Nijv. en Handel in Ncderl. hidie, Meded. 
vjh Institimt voor Plantenziekien, 1913) and with the ‘‘ bunching ” or clumping ” 
recorded from West Africa and India. 

All investigators of this disease failed to attribute it to any parasitic organisn. or 
in fact to any definite cause, and its nature remained little understood. Zimmer- 
mann (1907) directed attention to a similarity betwetui Ihis disease and tobacco 
mosaic ; more recently, the comjiarison was rendered the mor(‘ obvious by exten- 
sions in our knowledge of the plant virus diseases, so that pathologists generally 
assumed that the peanut rosette disease belonged to the virus grou}). Support to 
this view is now afforded by exj^erimental transfer of the disease. Work carried 
out under our direction at Pretoria and independently at Durban has demonstratid 
the ability of Aphis leytiminosa, Theo., to transmit the disease. In these expe^’i- 
ments a])hids, removed from rosetted jaanut plants, were allowed to feed u])on a 
single mature leaf of a healthy plant, suitably protected from th(‘, feeding of any 
other insects. The characteristic rosette symptoms «ap])eared afterwards in the 
young leaves of a large ])roportion of these plants. Control plants, receiving identi- 
cal treatment but protected from the feeding of any insects, remained healthy. 

During the course of this collections w'ere made of all the suctorial insects 

occurring upon diseased peanuts in the field. Tests of more than two hundred 
individual jassids and fulgorids belonging to at least eight sj^ecies afforded no single 
infection of the experimental plants. [H. H. Storey and A. M. Botiomley in 
Nature, No. 2907.] 

m 


the survival of pink boll worm larvae in buried seed during 

THE WINTER IN EGYPT. ^ 

following is a summary of a paper on the subject by C. B. Williams and 
_ rabim Eft. Bishara, published as Bulletin No. 68 of the Ministry of Agriculture, 
Ngypt, Technical and Scientific Service : — 
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The results obtained confirm entirely those reported by Willcocks, nan^ly, that — 

(1) The death rate of larvee buried in the ground in winter is least near the 

surface and greatest at greater depths. At 30 centimetres there is no 
survival. 

(2) The moister the land is kept during the winter the more rapid the death 

rate of the larva). 

The larvae die very rapidly in berseem and few if any reach the following crop. 
In wheat they survive a little longer and in dry fallow a number live till the next 
crop. 

Excessive artificial watering, such as watering the land every two weeks, as in 
1922-1923, or a very heavy continual watering for a short period at the commencement 
as in 1923-24, increases the death rate to a still greater extent and no moths reach 
the following crop under these conditions. 


COTTON NOTES. 

Through the courtesy of the British Cotton Industry Research Association, 
the Secretary, Indian Central Cotton Committee, has sent the following abstract's 
for publication : — 

Cotton Cultivation in Turkey. 

The cotton-growing districts of Turkey may be divided into three groups : Adana 
in the extreme south-east of As' a Minor, Smyrna in the west of Asia Minor, and the 
Valley of Sakaria. Of these, Adana is the most imj^ortant centre and an average 
crop of over 100,000 bales is obtained. The present cotton-growing area of the 
Adana district is known as the Cicilian plain ; it is bounded by three large rivers 
and lies between the Taurus Mts. and the Sea. It comprises rich alluvial lands 
to the extent of 4-5 million acres which are eminently suitable for cotton yiroduction. 
Lands adjoining the Cicilian plain are also suitable. Improved methods of cul- 
tivation are receiving the attention of the authorities, the agricultural school in 
Adana is being improved and the first trials of improved seeds and artificial manures 
are to be made this year. The native cotton, the peculiarity of which is that its 
bolls do not open and that they all mature at the same time, is I inch in staple and 
white in colour. The American type averages 1-1| inch staple and is very silky. 
The valley of Sakaria provides the best quality of native cotton obtained from 
Turkey ; the staple is 1-1 inch, very silky and extremely white. [Text. 72ec., 
1925, 42 , No. 504, 50-51.] 

Cotton Selection in United States op America. 

In judging which variety is m.-jst suitable for a particular locality, the follow- 
ing considerations should be taken into account. Outturn at the gin is not xieoes- 



NOTES 


71 


sarily a true measure of yield per acre ; and high outturn, as in the case of Half and 
Half, is usually afisociated with such inferiority of staple that it sells only at a 
large discount. Short staple varieties are not necessarily more productive than 
longer staples. Several very early and prolific varieties are known, which very 
often outyield short staple varieties, i^mong these are Acahn, IJ to inch ; 
Lone Star 1 to IJ ; and Columbia and Durango I to IJ inch. Some varieties 
are undesirable because they lack uniformity. Under boll-weevil conditions earli- 
ness and productiveness are important characters. There are, however, mistaken 
ideas of earliness, and in former years inferior, small-boiled varieties were grown 
on account of them. An early variety is rightly one that rapidly sets and matures 
a crop. This is not necessarily tiie same as the very early appearance of the first 
flowers or first open bolls. Some big-boiled varieties yield equally well. Very 
short-jointed or cluster varieties are more liable to excessive shedding and are ditii- 
cult to pick. Long-jointed open-type kinds are late in maturing and poor yielders. 
Cultural operations are easier where plants stand erect, and spreading or prostrate 
varieties should be avoided. Varieties having a strong central stalk with short 
fruiting branches and many of them, produce more flowers in a given time than 
varieties having long fruiting branches. The bolls on the former are set more rapidly, 
they are held from the ground and sustain less weather damage*, and in consequence 
they ar(? easier to pick. Staples longer than IJ to inches are subject to extremely . 
variable demand. In balancing the yield obtainable per acre for the different avail- 
able vari<*.tie8, the average prices for tlie different staples over at least 5 years should 
also be taken into consideration. 1 77. *S’. Agri. Farmers' Bull. 1384, pp. 15-17. 

0. F. Cook and R. D. M.vrtin.J 

Cultivation of Acala Cotton in United States of America. 

Acala, a relatively newly acclimatized Mexican type, is very early and pro- 
lific. When long staples are in demand it gets a distinct premium over ordinary 
American, yet it is not long enough to be excluded from the short staple market. 
Several communities are specializing in Acala and developing supplies of seed. One 
is located in the (^oachella Valley and others are found in N. Texas and Oklalmma. 
[f7. Dept, Agri, Farmers' Bull, 1384, p. 16. 0. F. Cook and R. D, Martin.] 

Delinting and Eecleantng of Cotton Seed. 

Uniform and rapid germination of the seed is an important factor in cotton 
production, and to this end delinting and recleaning are strongly advocated. Tests 
on the Express variety show that the seed may be almost completely stripped of 
its fuzz with not over 1 per cent, saw cut injury ; actually 161 lb. linters per ton 
was removed and the damaged seed amounted to only 0-8 per cent. Two days 
were gained, under ideal conditions of moisture and temperature, in germination 
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by this process. The viability of the seed does not appear to be affected. Delint- 
ing, however, while removing mnch of the trash as well as the fuzz, leaves an uneven 
sample in respect of tin* W(‘ight of tlu^ individual seeds. Recleaning machines are 
devised to remove trash, lo()S(' lint, dirf and very small and broken seeds by screen- 
ing, and light-weight sei'.ds bv blowing. This o|)eration is not performed effectively 
unless the seed has been pu^viously delinted. From ordinary ginn<'d seed many 
good seeds are rejectfKl and som(‘ light-weight sec^ls are. Kitaincd, owdng to the inter- 
ference of the fuzz. These two operations are therefore coiiipleinentary. Of the 
treated seed IcvSS need be sown ])er acre, so that tin* cost to the farmer is no greater 
than for ordinary seed straight from the gin. The cultural advantages are very 
great. The smooth seeds separate ( asily and are more evenly distributed in the 
rows by the planter. Evrii germination assures the breaking of the soil crust and a 
more uniform st iiid. AVliere the close spacing system is in vogue the evenness of 
planting is especially advantageous, [f/. S, Dept. Agri. Dept. Bull. 1219. J. E. 
Barr.] 


Supply of Cotton Seed in U. S. A. 

Approximately 500,000 tons of seed aw needed annually in planting the cotton 
acreage in the United Statens. Of this quantity only 30 p(‘r cent, is supplied through 
commercial channels and the remainder is raised by the farmers themselves for 
their own succeeding f‘ro|)s. Much of the commercial seed is of the ordinary gin run 
quality and is often no better than that obtainable from the local public gin. A 
very high percentage of th(> land is therefore sown with seed from impure and fre- 
quently unnecessarily inferior stocks, and, with the resulting general lack of uni- 
formity in the ])roduce, this is responsible for much industrial and economic waste. 
Th(‘, n‘medy lies in the general adoj)tion of tlie one variety community cotton system, 
whereby each locality, instead of tlie individual farm, becomes the unit of varietal 
production. This system nujuires : (1) The consent of all farmers in the locality 

to the growing of one particular strain. (2) The isolation of seed increases fields 
from other cotton fields, and the adoption of rigid precautions in preventing the 
mixture of seed during ginning operations. (3) The maintenance of purity and 
uniformity by persistent selection, roguing and local breeding. (4) A guaranteed 
annual supply of pure seed to all tluj farmers in the locality at a reasonable price. 
Accounts of the practical woi*king of the system, the difficulties encountered and 
the provisions made for tliem are given. [U. S. Dept. Agri. Farmers Bull 1384, 
0. F. Cook and R. D, Martin.] 



Personal Notes, Appointments and Transfers, 
Meetings and Conferences, etc. 


Mr. J. N. Skn, M.A., Ph.D., Supernumerary Agricultural Chemifit, Pusa, 
has been granted leave on average pay for three months from 4th November, 1925. 


Mr. (t. II. Hilson, B.Sc., Officiating Director of Agriculture, Madras, has 
been granted leave for eight months from the date on which his period of foreign 
service under the Government of Ceylon t<^rminates. 


Mr. SAnAT-UL'LAR KifAN, M.A., B.Sc., Deputy Director of Agri( ulture, Madras, 
has been confirmed in the Indian Agricultural Service from 24th January, 1925. 


Mr. F. Smttu, B.Sc., Dt^puty Director of Agriculture, Eastern Circle. Bengal, 
has l)een granted leave for three months from 27th Nov(“mber. 1925, Mr. J. N. 
Sarkar officiating. 


Rax Bahadur L. C. Sharma, M.R.A.C., Deputy Director of Agriculture, Eastern 
Circle, United Provinces, was on leave on average ])ay for one month from 12th 
November, 1925. 

1 


Captain G. G. Howard, M.R.C.V.S., Deputy Director of Civil Veterinary De- 
partment, North Bihar Range, Muzafferpur, has been granted combined leave for 
ten months from 12th November, 1925. 


Mr. T. Rennie, M.R.C.V.S., Veterinary Adviser to the Government of Burma, 
has been granted combined leave for 13 months and 3 days from 20th October, 1926, 
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Mr. S. R. Rippon, M.R.C.V.S., Superintendent, Civil Veterinary Department, 
Burma, has been temporarily placed in charge of the ofiTice of Veterinary Adviser, 
in addition to his own duties. 


Mr. C. J. N. Cameron, M.R.C.V.S., Superintendent, Civil Veterinary Depart- 
ment, Burma, has been perraitti^d to resign the Indian Veterinary Service from 
29th December, 1925. 
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The Growth of the Cotton Plant in India* — By R. S. Tnamdar, S. B. Singh and 

T. D. Pande. {Annals of Botany, Vol. XXXIX, April 1925.) 

This paper is an account oi a series of experiments designed to test the relative 
rates of growth of cotton plants grown at different seasons of the year, with 
comparisons of the growth-rate with the leaf-'''eight and leaf-area ratios and with the 
respiratory indices of the plants. The growth-rate is measured by the increase in dry 
weight, and is the increase in dry weight per unit dry weight per 'week expressed as a 
percent^ige. The author finds that the growth-rate curve show^s an initial in- 
crease, leading gradually or rapidly to a maximum, which is followed by a steep fall. 
The maximum grow^th-rate is not sustained for any length of time but is attained 
sooner or later according to the duration of the vegetative period of the plant, 
which is of course subject to variation from season to season. This variation of the 
vegetative period may be due to an inlierent periodicity of the plant^ modified to a 
greater or less extent by the environmental factors. In all the experiments which 
were carried out the flowering jieriod commenced at a definite interval after the 
maximum increase in the growdh-rate, namely, 27 — 35 days. The author suggests, 
therefore, that the maximum increase in the growih-rate sui)plies an internal sti- 
mulus for the })lant to set itself to produce reproductive organs, the duration of 
the latent period being about one month in the variety of cotton {rosemn) with 
which the experiments w^ere conducted. On this view a profound physiological 
significance attaches to the period at which the maximum growdh-rate is attained, 

A growth-rate curve similar to that described in the present ])aper has been observ- 
ed^** for maize and Ilclianthis by Kidd, West and Briggs. These authors describe 
the growth-rate in these plants as being characterized by an initial fall, beginning 
at an early period in the life-cycle and succeeded by a sliarp rise to a maximum 
grow^th-rate. The initial fall may be considered to mark the period during which 
the assimilatory organs in the young plant are unable to counterbalance the loss of 
dry weight due to respiration, thus giving a negative value to the growth-rate during 
this time. This negative value of the growih-rate does not ap})ear to be so marked 
in the early stages of the cotton plant as in the corresponding period in maize and 
Ilelianthus. 

During the second phase, in which the growth-rate is rising rapidly to a maximum 
value, Professor Inamdar finds that the curve of the growi:h-rate runs closely parallel 

^ A Quantitative Analysis of the Growth of Helianthus annvSf by F. Kidd, C. West and G. E. Briggs. 
Proc Hoy, Hoc,, Series B, Vol. XJI, 1921. 

A Quantitative Analysis of Plant Growth, by G. E. Briggs, F. Kidd and 0. West. Avvat^ of 
Apphed Biology, Vol, VIJ, 1920-21. 

( 76 1 



76 


AGBI0ULTX7RAL JOUBNAL OF INDIA 


[XXI, I. 


to the curve of either the leaf-weight ratio or the leaf- area ratio ; this was to be ex- 
pected as the period of greatest growth, in an ordinary annual plant without food 
reserves, must inevitably coincide with the period of greatest assiinilatory activity, 
or in other words with leaf developnfent. The attainment of the maximum growth- 
rate is succeeded by a period in which the growth-rate steadily falls, subject to the 
appearance of subsidiary maxima. The fall in the growth-rate in the last phase 
of growth is greater than is to be expected either from the decrease in the percent- 
age leaf-weiglit ratio or in the percentage leaf-area ratio ; it may be attributed to a 
falling off in the assirnilatory capacity of the leaves din ing the later stages of growth 
as has been noted by Briggs. It appears therefore that the growth-rate of a plant, 
as measured by the dry-weight method, is controlled by the leaf-weight or leaf-area, 
only for a short period, and that discrepancies between the growth-rate and the 
leaf factors appear as the result of variation in the assimilating capacity of the leaves 
and the production of flower-buds as opj)osed to foliage-buds. Since respiration 
results in a definite loss of organic material, an examination of the growth -rate re- 
lative to the respiratory indices of the entire plant, and parts of the plant, is of im- 
portance. The results obtained by Professor Inamdar with the cotton plant show 
that the respiratory index of the entire plant is higlicst in the early stages of growth 
and decreases steadily during subsequent stages. This is in agreement with the ob- 
servations of Kidd, West and Briggs on Helianilms, There is, how ever, a disc rej ancy 
betw^een the results obtained by these authors for the respiiatoiy index cd n eiistc- 
matic tissues in//rfmn//^w.s*and the respiratory index in cotton as determined 1 yPio 
fessor Inamdar. In respiratory index of meristematic tissue (stem 

apices) decreased rapidly from the 22nd to the 53rd day after geiminaticn ; this is 
contrary to (ixpcctation as we are dealing here with a tissue which, unlihe the plant 
as a w hole, is not complicated by increasing differentiation with age but is still meriste- 
matic and might therefore be expected to retain the original respiratory activity. 
It suggests that the fall in the value of the respiraiory index of tlie cntiic plant is 
not entirely due to the increase, w^ith age, of the proportion of non-living (mechanical 
and conducting) tissues but is tlie expression of some fundamental j loj city of the 
protoplasm of the plant. In cotton Professor Inamdar finds that Ihe rcspiiatciy 
index of meristematic tissue remains practically constant up to the 111th day 
after germination, even although there is a fall in the respiratory index of the entire 
plant during this period. In view^ of the contradiction between the results with 
cotton and those with Helianthvs further observations will be necessary on the res- 
piratory index of meristematic tissue in the former plant. 

This paper is an interesting contribution to the quantitative study of plant growth, 
and the selection for the experiments of a plant of such economic significance as 
cotton certainly adds to the value of the work. This branch of plant physiology 
has been the subject of increasing attention in recent years during which several 


* Kidd, West and Briggs. Zoc. cit 
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workers have sought to apply to the phenomena of organic growth the mathematicjil 
formulae which express certain types of chemical reaction. 

Blackman ^ has suggested that the growth of an annual plant may be considered 
as a process following the compound interest law as expressed by the well known 
formula : — 

Qt=Qoe 

where Qt is the final weight at the end of time t, 

Qo is the initial weight of the seed or seedling, 
e is the base of natural logarithms, 
and k is the constant of increment. 

The value of kin this formula is therefore an important physiological factor since 
it measures the efficiency of the plant in producing new material. According to 
this formula the increment of an organism in a given time is juoport ional to the niagni- 
tude of the organism and it is at once apparent that the rate of the prodiution of 
new material in any one plant will depend, not only on a high v^alue for k but also 
on a high value for Qo, the initial w^eight. Both of these factors are worth the 
consideration of the plant breeder, particularly in the breeding ol cereals. The 
average seed weight in any one unit species is of course easily determined and a 
knowledge of the value of k might jiorhaps enable the plant breeder to make his se- 
lections on a more exact basis, and might alTord an interesting insight into the 
causes of the success of certain unit species in ])articular areas. 

A broad view of the problem of growth in ])lants and animals shows that it 
must consist essentially in the transformation of simple cliemical substances into 
more complex entities. We have seen that in the growth of o]*ganisms we have a pro- 
cess which takes place at first slowly, later with greatly accelerated velocity, and 
later still as slowly as it began ; it becomes, therefore, of interest to eiujuire whether 
any chemical processes are known in which the rate of changt^. resembles the growth 
process. Of course, many reactions of this type are known to cluuiiist s. For example, 
in the hydrolysis of cane sugar by (neutral) boiling wat(‘r a c(‘rtain proportion of 
mucic acid is formed which further accelerates the conversion of cane sugar int o invert 
sugar ; all such chemical [)rocesses have this feature in comiTion, namely, that oiu' 
of the products of the chemical change which is going on has tin* power ol acc(‘lerat- 
ing the further progress of the change. These rea(‘.tioiis arc, therefon*. autocatalyzed 
or self-accelerated, and it has been suggested^ that the growtli of organisms is similar 
to an autocatalytic reaction and can be expressed by the formula for such changes, 
namely — 

X 

log = k(t— t^) 

A" X 


' Tke Compound Interest Law and l^lant Growth, by V. H. Blackman. Aunah of Botany, Vol. 
XXXIII, 1919. 

* The Cheiiiio»l Basie of Growth and Senescence, by T. Brailsford Bobertson ; J. B.lJppiucott Com- 
pany, 1923. ' 
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whore A is the maximum dry weight of the plant, 

X is the dry weight at a time t, 
t^ is the time at which the weight of the plant is half the final dry w^eight, 
and k is a constant of increment. 

The fact that growth begins slowly and progressively increases in velocity up to 
a maximum indicates that the process of growth is autocatalyzed, and indeed the for- 
mula given above has been applied to such dillerent subjects as the infantile growth 
cycle of man, the growth of the dairy cow and the growth of the sunflower, and has 
given a close agreement between observed and calculated values at different periods 
of the life cycle. A consideration of the formula for autocatalytic reactions in rela- 
tion to the growth process of organisms will at once raise the enquiry as to how such 
a simple formula can express such a complicated process, for it is evident that in the 
building up of protoplasm many diverse and successive reactions must be concerned. 
It has been suggested however, that in the complicated system of interdependent 
reactions which constitute the metabolism of the plant the slowest reaction will 
determine the velocity of the whole process and will become the “ Master Reaction ” 
governing the time relations of the whole. If, therefore, this master reaction can be 
represented by the autocatalytic formula then the whole process of growth will con- 
form to this expression. Recently Mitscherlich^ has formulated a law expressing 
the relationship between the yield of plants and the intensity of the external factors 
(e.gr., amount of manure) governing growth, but it is not within the province of this 
review to pursue further the researches of other WTiters. Work such as forms the 
subject of this review is gradually reducing the complex phenomena of growth to 
those mathematical terms which have been established as accurate expressions for 
reactions in the non-living world. At present we can scarcely foresee the practical 
applications in agriculture of the discoveries w’hich aw’^ait furtbo]’ researcli in the quan- 
titative study of plant growtli, but we may be sure t hat tlie greater the extent to which 
the phenomena of life can be brought under the mathematical laws which govern the 
nun living world the greater will be our power of control over vital processes. 
[F. J. F. S.] 

The Agricultural Situation ; Economic effects of Fluctuating Price — By 

Gr. F. Warren and F. A. Pearson : (New York : John Wih^y and Sons ; London : 

Chapman and Hall, Ltd.). Pp. xvi-p306-f-106 text-figs. Price, 16,??. net. 

The book under review attempts to present in concrete statistical form all the 
pertinent facts beoring on the American agricultural situation and considers “ the 
facts concerning the depression, the causes of it and possible remedies and to suggest 
changes in farm management that may help the farmer in so adjusting his practices 
as to enable him to meet the situation and be ready to make a profit when the de- 
pre^sion is over.’’ 

^ Robertson Jjoc. cit. 

* Der Wirkungsgesotz der Wachstumfaktoren, E. A. Mitecherlioh. Landw, Jahrb.t 1021 *22. 
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It is an extraordinary fact that in spite of the present prosperity in the States in 
practically all branches of trade and industry, fanning is in a very depressed state. 

The authors hold that the basic reasons for the agricultural dcjpression are 
financial inflation followed by rapid deflation : the disparity between farm prices 
and ])rices of things that farmers buy and payments of taxes, interests and debts. 
The change in the value of mon(^y, though the major cause, the % of wages, and the 
lag in taxes and interest becomes each in turn the cause of many ( ther difliculties. 
Since the farm depression is mainly a xnice x>roblem the eli‘ectiv(* remedy lies in a 
})roper and quick adjustment between the })rice8 of the things the farmer sells and 
the prices of things he buys and between the prices of things he sells and taxes 
and iHiblic and private debts. The maintenance of a gencjral price level that is 
adjusted to freight rates, taxes and pay of public employees and to the price level 
when dfibts were incurred is there!‘oro necessary. The authors suggest the appoint- 
ment of a commission by Congress to make a scientific study of the relationship 
of the difhirtuit class(\s and dtilcuunine the juficc level that will result in the least total 
injustice and to study the feasibility of various methods of obtaining a reasonable 
degree of price stability. 

In the first 75 })ag(;s is given a historical treatment of the extent end causes of 
tin*, agricultural distn^ss. Next follows in about 150 pages a careful and exhaustive 
collection of farm, retail and wholesale prices of, and index numbers for, most of the 
farm products. Chapters are addend on farm wages, value of land and the effects 
of the depression. The volume concludes witli authors’ suggestknis and advice as 
to how farming should be adjusted to drdlation. 

The book, though written with a set purpose and with a typically American 
outlook and though Indian agriculture is still almost self-contained and neither so 
s])ecializod nor so commercialized as American agriculture, is not without interest 
to India enjiecially in view of the Taxation Eii(|uiry Committee and the Economic 
Enquiry Committcii constituted in this country. 
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1. Coffee : A Monograph of the Economic Species of the Genus Coffea L., by 

R. H. Cheney. Pp. xvii +244. (New York : The New York University 
Press.) 

2. A Catalogue of British Scientific and Technical Books. New edition. Pp. xxii + 

489. (London : The British Science Guild.) Price, 12s. 6d, 

3. Anatomy and Physiology of the Honey-Bee, by R. E. Snodgrass. Pp. xv +327. 
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don : Oliver & Boyd.) Price, I5s. net. 

The following publications have been issued by the Imperial Department of 
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1. A Study of Some Indian Grasses and Grasslands, by W. Burns, D.Sc., L, B. Kul- 

karni, M.Ag., and S. R. Godbole, B.Sc., B.Ag. (Botanical Scries, Vol. 
XIV, No. 1). Price, As. 12 or Is. 3d. 

2. Nitrogen Recuperation in the Soils of the Bombay Deccan, Part I, by 1). L. 

Sahasrabuddhe, M.Ag., M.Sc., and J. A, Daji, B.Ag., B.Sc. (Chemical Series, 
Vol. VIII, No. 5.) Price, As. 4 or 6d. 

Bulletins, 

3. Publications on Indian Entomology, 1924 (compiled by the Imperial Entomologist)* 

(Pusa Bulletin No. 161.) Price, As. 8 or 9d. 

4. Loss of Sugar by Inversion in Sugar Factories in Northern India and its prevention 

by Antiseptic Measures, by C. M. Hutchinson, C.I.E., B.A., and C.S. Ram- 
ayyar, B. A. (Pusa Bulletin No. 163.) Price, As. 2 or 3d. 

Report, 

6. Scientific Reports of the Agricultural Research Institute, Pusa (including the 
Reports of the Imperial Dairy Expert, Physiological Chemist, Government 
Sugarcane Expert, and Secretary, Sugar Bureau), for the year 1924*:25. Price, 
Rs. 2-4 or ^8, 
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EDITORIAL 


FOURTEENTH MEETING OF THE BOARD OF AGRICULTURE 

IN INDIA. 

[Pusa, 7th — 11th December ^ 1925,1 

Lately agriculture in India han received more than usual attention in the 
press of both England and India, probably owing to the reported opinions of both 
the Secretary of State for India and the Viceroy “Designate. That it is a subject 
which is of not only the first importance but one on the development of which the 
whole of India depends, needs little or no emphasis at the present time. 

India possessing as it does such advantages in climatic and soil conditions, should, 
with more extensive irrigation projects, the supply of improved seeds, etc., and 
more important still, the betterment of the existing breeds of cattle, very consi- 
derably increase her potentiality for the economic production of croi)8 and thus 
add largely to her wealth resources. This would naturally have an effect not only 
on the Agricultural aspect of the country, but would result in a general uplifting ol 
the standard of living amongst the mass of the population of the country' a con- 
summation devoutly to be wdshed. 

The speech of the lIonTde Sir Muhammad Habibullah, Member in charge of 
the Education, Health and Lands Department of th(‘ Governnuuit of India, at 
the inaugural meeting of the Board of Agriculture in India at Pusa on 7th December, 
1925 — w^hich was largely attended and included a number of distinguished visitors 
— was one of confidence in the work that had been accomplished and of oj.timism 
for the future. He rightly emphasized the fact that while the study of scientific 
agriculture was of the first magnitude to this country, there were otiuu' mort' or less 
side-issues which were of gr^mt importance, such as the making of increased faci- 
lities for marketing, the study of the value of co-operation in its various forms, etc. 
A broad view was therefore essential when considering this — India’s most important 
industry — and it w^as this view which the Government of India were kee])ing before 
them in their efforts to improve the conditions prevailing in this great Indian Empire. 
For this end, the findings of the Board ot Agriculture in India, he felt sure, were 
of the greatest value to the Government who after reviewing them were prepared 
to carry out suggestions as far as compatible. 

The address of the President of the Board, Dr. D. Clouston, Agricultural Adviser 
to the Government of India, was first marked by his calling on the Board to pay a 
last sad tribute of respect to an old member of the department- the late Prof. 
Maxwell-Lefroy, whose name must be added to that long Roll of Honour of those 
who had sacrificed their lives for the advancement of science. 
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Referring to the subjects which were on the agenda before the Board, the Presi- 
dent made a very careful and analytical survey of them, and suggested lines of dis- 
cussion which might prove useful in elucidating some of the^problems which would 
naturally arise during the debate. These subjects covered a large amount of ground 
and were of such a general nature as to be of importance in some aspect or another 
to every member and visitor. Before the actual discussion of these by the Board, 
the President formed Sub-committees for their separate consideration, of those 
members who were most interested in each. By such means definite i)ropo8alB for 
lines of research and improvement could be obtained, and these proved of very 
considerable value to the Board in its subsequent discussions. 

The first subject considered was the question of the improvement of tobacco, 
a crop which was, as the President pointed out, of very considerable economic 
importance to India, especially at present when the Empire preferential import 
duty had just been considerably reduced. After some discussion, the general feeling 
of the Board was manifested in its confirming the proposed resolution of the Com- 
mittee (1) to establish a Central Tobacco Bureau at Pusa, and (2) to appoint a Curing 
Expert according to the lines laid down in the Conunittee’s report. As very little 
has been done in the past or can be done in the future by the provinces and Indian 
States without such help, these recommendations are steps in the right direction 
and, while involving little in the way of extra expenditure, should prove of great 
value to all interested in the crop. 

The advisability of establishing closer rdations with the International Institute 
at Rome was then taken up by the Board. To the average layman it might a}>pear 
that tliis had little to do with India and was relatively unimportant as regards the 
general scientific improvement of her agricultural industry. But a careful study 
of the very large amount of work this Institute has done and is doing and the great 
help which India could derive from it, would prove that this subject was w ell worthy 
of the Board’s earnest consideration. Apart from its publications and its supply 
of information on agricultural statistics, the Institute is willing to undertake any 
special enquiries for any of the contributing countries, of which India is already one. 
Others of its functions which would be of very great importance to tliis country are 
full information about the various types of agricultural legislation, rural econo- 
mics, statistics and many other subjects connected with agriculture. Hie fact 
that this information is culled from the details and experiences of the seventy various 
States which are now contributing to it, proves of what immense value such infor- 
mation would be to a country like India where, despite the fact that agriculture is 
her basic industry, only now are efforts being made to break through her old fashion- 
ed conservatism and bring her into line with more modem agricultural development. 
This was the view that the Board took after due consideration of the question 
and was embodied in their final recommendation. 

When the next subject came up for discussion, i.e. agricultural middle schools 
— their progress and the experience gained since 1922, there seemed to be a fair 
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divergence of opinion. That there wan a demand for Bonie sort of agricultural 
education was generally felt, but the ]>roblem was one which would be better left 
to each province to decide about, rather than lay down a general method. The 
system of teaching agriculture in vernacular middle schools, at j)reBent being carried 
out and extended in the Punjab, has met with considerable success and would very 
probably {)rove of considerable use in some other provinces. In Bombay, again, 
the vocational agricultural school has achieved some measure of success. For all 
India, however, it would be inadvisable to say whether one or other type should 
be adopted. The Board, therefore, limited itself to a general recommendation 
tJiat the training given in agriculture should be of such a nature as to make the 
boys’ minds better prepared to receive agricultural training and to arouse their 
interest in agriculture and its possibilities. 

That wild animals are responsible for an enormous amount of damage done 
to crops no one will deny. The subject of what steps could be taken to sav(‘ crops 
from the depredations ol wild animals, therefore, needs no explanation for its appear- 
ance on the agenda before the Board. It was pointed out that valuable work had 
been and was being done in the Pimjab in an effort to systematically carry out the 
destruction of field rats. I’atiala State had also evolved a method for destroying 
this pest by fumigation. In Bombay, too, a Committee had been formed which had 
made several useful suggestions particularly with regard to forming fencing societies 
against the wild pig. On the wliole, however, experience was meagre, and members 
were generally of the opinion that while something ought to be done as early as 
possible, the best way to tackle tlie problem would be to study the life-history of 
some of the more destructive, such as the wild pig, in order that the weak points 
at which they could be attacked could be found out. Only then could successful 
methods be recommended for the control of wild animal pests. 

Of all the subjects before the Board, the last to come up for discussion was, 
apart from the fact that it consisted of six parts, by far the most important. It 
dealt with the various aspects of animal husbandry and dairying ; the importance 
lay in the fact that cattle are the very back-bone of Indian agriculture. 

It was therefore very encouraging to hear of the various efforts that were being 
made throughout all the provinces and most of the major Indian States to improve 
the various breeds of cattle both for milking and draught purposes. This progress 
was real but would of necessity be slow, as the problem was one that w^ould take 
time in carrying out the very large number of experiments and trials necessary 
before a good breed for a particular tract and purpose could be evolved. Much 
useful information regarding cross-breeding was also placed before the Board by 
the Imperial Agriculturist, the Imperial Dairy Expert, Col. Marriott, head of the 
Military Dairy Farms, and Col. Matson. 

Wrapped up with the question of cattle-breeding is the important question of 
forage. Amongst the most useful methods ol conserving this during times ot abun- 
dance, t.c., during the monsoon, silage must of necessity prove an important one. 
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It has long been recognized as such in other countries, and since many pastural 
lands throughout India are being gradually taken up for crop cultivation, th e question 
of fodder supply is naturally becoming acute. The well known conservatism of 
the Indian ryot against new methods will of course have to be overcome, and the 
importance and economic value of growing a fodder crop, instead of a grain crop,- 
will require much demonstration ; but the urgent necessity of finding some solution 
to the problem is slowly being recognized. The method therefore of conserving fod- 
der crops and grasses in silos is one that will well repay study and demonstration. 

Since the last meeting of the Board, one of its recommendations to the Govern- 
ment of India has been carried out and that is the formation of a Central Cattle 
Bureau — a most impoi*tant advance in the general development of cattle-breeding 
in tlih country. The present Board considered however that an all-India Com- 
mittee or Board consisting of expei-ts was essential to control it, as it was felt that 
the Central Cattle Bureau could not fully benefit the Indian cattle industry unless 
all Provincial Governments and important States shared in its control. 

The importance of animal husbandry and dairying being of such magnitude, 
it was only reasonable to expect the Board to consider every means of carrying 
out such improvements as could be thoroughly recommended. For this purpose 
the Co-operative D(ipartments in many provinces were being called in to assist 
the Agricultural and Veterinary Departments. It was, in the opinion of the Presi- 
dent, im]) 0 SHible to over-estimate the value of such work, and the Board generally 
considered that co-op<u'ativ(j societies were not only of value in projiaganda work 
but ])rovided a very uselul means of getting improvements carried out ; while in 
marketing such products as dairy produce, better control could be obtained, waste 
was avoided, and the ])roducer olitained a better value for liis produce. 

A further jiart of this subject was the consideration of what ste])8 could be taken 
to combat outbreaks of cattle disease. This at the present time is jiartieularly 
important as just recently parts of the country have been swept with the disease- 
rinderpest, and the loss, though not known accurately, must have been very heavy. 
The Board w^as assisted in this by a number of expert veterinary officers from the 
Central and Local Governments, and while the discussion was naturally somewhat 
technical it was obvious that much research work of first importance was and is 
Ixiing done to combat the more important diseases of cattle and the results already 
obtained are in active application in many provinces. 

The last part of this subject before the Board was to determine whether the 
time had come for the training of men for the Indian Dairy Diploma. Considerable 
discussion took place and there was also some divergence of opinion as to whether 
there was a demand for such men in the various provinces and Indian States. The 
Imperial Dairy Expert had strong evidence that there was a demand for such men, 
but as lie pointed out they must be practical men and the course of training laid 
down at Bangalore was very largely of this nature Even, however, if the demand 
for practical dairy men is not very large at present, there can be no doubt that local 
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requirements are bound to increase before long. It is therefore essential that son o 
efforts should be made to have trained men ready to meet this demand* 

While this concluded the subject matter put up for formal discussion by, and 
opinion of, the Board, it should not be overlooked that these meetings serve anoth( r 
and very important purpose, in that they form a clearing house us it were, ot ideas 
re.garding lines of research in the innumerable problems that face all members of 
the Department of Agriculture, both Central and Local. Thus while it cannot be 
denied that the findings of the Board are all important, neither can it be said that 
these informal arguments and exchange of ideas amongst members and visitors 
are not of equal inqiortance in the joint and individual efforts to improve the agri- 
culture of India generally, and the solution of the individual problems which are 
continually arising. 

Finally, the work going on at the Piisa Institute, which must be regarded as the 
centre of all research work in agriculture in India, is of such importance to all pro- 
vinces and States that the opportunities given to the Board to inspect the vaiious 
Sections, while invaluable, were all too few owing to the shortness of the time avail- 
able, to thoroughly inspect the all important and excellent work at present b(‘ing 
undertaken. Suffice it to say that every member and visitor made a special point 
of visiting tliose Sections in which he was ])articularly interested and carrying away 
from them such ideas regarding research as might be useful for the particular prob* 
lems with which he w’as confronted. 

In this connection too much stress cannot be laid on the trouble wdiich tlie vaiions 
Heads of Sections took in exjdaining the work in hand and answ^ering the numcrcAis 
questions that were asked by various enquirers. Among the innovations, the utili- 
zation of the ciuematogra])h for propaganda work was very much appreciated 
Mr. Hutchinson, the Imperial Agri(uiltural Bacteriologist, who has taken up this 
w^ork, produced some excellent films contrasting local with modern methods of 
agriculture, and proved conclusively that the cinema must be allotted an important 
place in carrying out this important branch of modern agricultural development. 

When, finally, the excellent programme marked out by Dr. Clouston, the Agri- 
cultural Adviser to the Government of India, had been concluded, all those wffio 
had had the privilege of attending felt that not only had this the 14th meeting of 
the Board of Agriculture in India been very interesting and enjoyable, but that 
one’s general outlook had been broadened, new ideas for research work gained 
and fresh stimulus had been given to further increase one’s efioits for the uplifting 
and improvement of agriculture in India and bringing it more into line w ith modern 
development. Such an object must be regarded by all classes of the community 
as of the first importance, since agriculture provides not only the means of liveli- 
hood for by far the greatest number of her people, but as India’s greatest industry 
must provide the largest part of any resources required for any and every branch 
of the country’s development. 

M. Carbery. 
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Presidential Address* 

Or. Clouston, in his introductory speech, said : — 

Ladies and Gentlemen, — I desire to extend to you all — members and visitors 
— hearty welcome to this, the 14th meeting of the Board of Agriculture in India. 
I desire in particular to welcome the Hon’ble Sir Muhammad Habibullah, Member 
for the Department of Education, Health and Lands. His presence here to-day 
is one more indication of the ever-increasing interest which the Government of 
India is taking in the economic development of India’s premier industry agri- 

culture. I have much pleasure also in welcoming the Hon’ble Sir Saiyad Muhammad 
takhruddin, Mr. Calvert, Colonel Marriott, Colonel Matson, Captain MacGuckin, 
Mr. Nagarkatti and others, some of whom have come long distances to attend our 
meeting and to give us the benefit of their ex[)erience. 

In opening our meeting it is my sad duty to refer to the loss sustained by the 
scientific world in the death of a former member of the department and a personal 
friend to many here, who has passed away since last we met. I refer to the late 
Prof. Maxwell-Lefroy. Prof. Maxwell-Lefroy was one of the pioneers who helped 
ti lay the foundation of the science of agricultural entomology in this country. 
His death adds one more name to the long list of those who have given up tlieir 
lives for the advancement of science. 1 would request the Board to formally express 
its sympathy with his wife and son in their bereavement, and to agree to an extract 
of these minutes being sent to them. 

Since last we met, several of our old members have retired ironi the Service 
to finish their life’s work in other lands. We regret in particular the loss of Mr. 
Milligan who, during the tenure of his office, presided twice over the deliberations 
of this Board. The department has, for the last few years, been beset with many 
discouragements ; but I feel that the dawn of better days is at hand. You have 
no doubt read the pronouncements made by the Secretary of State for India and 
His Excellency the Viceroy on the desirability of do. vel oping on scientific lines 
India’s basic industry— agriculture. You will have noticed, too, that the }>ress 
bofch^in England and India have laid great stress on the significance of these i)ro- 
nouncemonts. The loading newspapers in this country have always been true friends 
of the department, and have, from time to time, brought to the notice of their readers 
the importance of the work which is being done for the betterment of the tiller of 
the soil. We only hope that in course of time our leading landowners will also 
realize that the moral and material welfare of this Great Empire is largely dej)erulent 
on the advancement of agriculture, which provides a livelihood for three out of every 
four of her people, and which provides as well the materials required for the develop- 
ment of most of her other industries. 

But advancement must be based on new knowledge - the foundation of progress 
in agriculture as in other industries. There is only one way of wresting from Nature 
j»his knowledge as to how improvements can be effected, and that is by scientific 
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research. There is a very real danger in these days of the importance of research 
being lost sight of, and of our demonstrating the same old improvements year after 
year, for want of anything new to demonstrate. What our department most urgent- 
ly requires, in short, is the better organization of research and better facilities for 
training investigators in order to supply the knowledge on which continuous improve- 
ment in every branch of agriculture can be based. 

“ Agriculture has not as yet attracted a fair share of the brains, capital and 
enterprise available in this country and never will, until and unless we get the edu- 
cated land-owning classes to interest themselves in its development. We only hope 
that the considered opinion lately expressed by those in authority with respect to 
the paramount importance of agriculture as the premier industry of India will help 
towards that end. In the realm of husbandry we want hundreds of leaders of the 
stamp of Sir Ganga Ram and Mr. Roberts of the Punjab^ — men of brains, imagination 
and capital— to raise the standard of agricultural practice to a higher plane and 
to establish the farming industry on a sound economic basis. But until such men 
come forward in adequate numbers Government will, in the interests ol India, have 
to provide the driving and organizing power at every stage of advancement. 

“ Since last we met, recruitment from abroad to the Indian Agricultural Service 
has been stopped, and provision has been made at Pusa and BangaJoro to train 
men for the highest posts in the department. The control of the Cane-breeding 
Station at Coimbatore has been taken over by the Government of India, and the 
station extended as regards both area and staff. An Institute of Plant Industry 
has been established at Indore and work started on cotton and other crops. Under 
the unpretentious title ' Crop Production in India ’ Mr. Howard, Director of that 
Institute, has given an insi)iring record of the departmental and research work done 
within the last 20 years by scientific workers in the field of Indian agriculture, and 
reviewed some of the problems awaiting solution. The Technological Laboratory 
of the Indian Central Cotton Committee formally opened by His Excellency the 
Viceroy last December, is now rendering assistance to the cotton workers in the 
provinces. The Agricultural College at Mandalay in Burma was 02 )encd in July 
last year. 

“ Turning now to the subjects for discussion we find that' problems relating to 
cattle-breeding figure largely on the agenda. This is as it ought to be, for in Indian 
agriculture cattle play a largcir ])art than they do in most countries. But any 
improvement of our herds must be preceded by an improvement of the fodder BUpi)ly. 
In the past when large grazing areas were available, the cultivator relied very largely 
on Nature to j)rovide food for his cattle in the form of i)asture. In course of time 
the increase in population and consequent reduction in pasture lands gave rise 
to rural problems which were new to him. The ever-increasing population demanded 
more bread, and the most obvious way of jiroviding it was to increase the area under 
cultivation by encroaching on village grazing areas. In many parts of India the 
cultivator has not yet learned to readjust his system of farming to meet the new 
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ftconojuic conditions which have thus arisen. In the more advanced parts of the 
country, where grazing areas have been reduced to a minimum, fodder crops arc 
being grown to some extent ; but in the more backward parts, where grazing areas 
are large, no provision is yet being made, either for growing or storing fodders. 

“ Agricultural progress over the greater part of rural India is still handicapped, 
in short, by the fact that there is not enough fodder grown to meet the requirements 
ot the cattle required for milk and draught. Further, cattle-owners do not, as a 
rule, make any effort to carry over the surplus fodder available at the end of the 
rains, for use in the hot weather when pasture lands are parched and bare : nor do 
they carry over surplus fodder available in years of plenty for use in years of 
shortage. The Agricultural Department has of late years given much attention to 
the question both of growing and storing fodders : in this it followed the fine example 
of the military dairy farms which have long been models of their kind. Several 
very promising fodders have been introduced and methods of storing them in the 
dry state or as ensilage adopted. It has been definitely j)roved that palatable ensilage 
cm be made from coarse grasses, weeds and other herbage which in most parts of 
India are available in considerable quantities towards the end of the rains. 

“ As regards the improvement of cattle by better breeding, the Imperial and 
Provincial Departments of Agriculture and some of the more advanced Indian States 
have drawn up schemes based on the assumption that there are too many scrub 
half-starved cattle in the country, and that what is w^anted is an im})rovement in 
the quality of our livostock. The different breeds are, therefore, being studied 
and pure-bred herds established, with the view of providing a foundation whereon 
the cattle industry, both as regards draught and milk, can, in course of time, be 
raised. Given this foundation, it is possible to build up herds of pure-bred pedigreed 
cattle possessing the characteristics required to meet the economic needs of India. 
With a view to stimulating and to some extent co-ordinating the efforts being made 
towards cattle improvement, the Government of India have decided to give effect 
to the recommendations made by the Board of Agriculture in 1924, and to establish 
a Central Bureau of Animal Husbandry. The control of this Bureau will be vested 
in the Imperial Dairy Expert and its headquarters will be his office. The proposal 
is that the main duties of this Bureau to commence wdth should be (1) to collect 
and disseminate information concerning cattle-breeding and allied subjects, (2) 
to assist in the disposal of surplus pedigreed stock available on Government cattle- 
breeding farms, (3) to standardize breeding records and methods of milk recording, 
(4) to maintain general herd-books of breeds, or of milch cattle as distinct from 
specific breeds found in more than one province or State, (6) to encourage the use 
of pedigreed stock, and (6) to keep the officers in charge of cattle-breeding in pro- 
vinces and Indian States in touch with each other. It is hoped that Agricultural 
Departments, as well as private individuals interested in the cattle industry, will 
CO operate with the Imperial Dairy Expert in his efforts to make this Bureau of 
real value. 
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As example is better than precept, I wouH strongly advise those of you who 
are interested in animal husbandry, to inspect the provision made for growing and 
storing fodder on the Pusa farm, and I should like you to sec also the cinema films 
prepared by Mr. Hutchinson to illustrate how silage is made. I trust that our fine 
Pusa herd improved by selective breeding, cross-breeding and careful feeding 
will convince you that there is a great future for the cattle industry in this countTv. 

‘‘ Until, however, the apathy of Indian landowners towards rural cconomifs 
generally is broken down, cattle-breeding as well as other bianclKs of huslandiy 
will continue to be neglected, and the high standard ol eattle-brctding and cattle- 
feeding being demonstrated on Government farms will be of little avail. 1) is 
apathy can, we believe, be broken down by giving the sons of landowners a moie 
scientific and })ractical education ; for w'e believe that the ty])e of literaiy education 
given them in the ])ast has tended to alienate their symj>athies from agricultuial 
pursuits. It is hojied that in course of tinu* the ty]M‘ of agricultural education 
provided for at our agricultural colh'gcs and iho Insiitule of Animal Husbandly 
and Dairying at Bangalore will, based as it is on practice as well as tlieoiy. go far to 
foster a practical iritc'rest in cattle-bre(*ding and dairying. We are to consider 
wdiether the time has now’ come for Provincial Governments and Indian States to 
provide a course of training similar to that wliic h is being given at Bangalore for ihv 
Indian Dairy Diploma. 

Animal husbandry is of sucli outstanding imj)ortane(‘ in India that our bounden 
duty is to get all the assistance }K)ssible. in solving its ])rol)lenis. Wc are, therefore, 
to discuss the extent to which Co-operative De])aTtments can co-o] eiatc with the 
Agricultural and Veterinary De]>artments in attaining the (*iid we liave in view . 

“ We are to consider, too, wdiat further 8te])B if any can now be taken by Govern- 
ment to combat outbreaks of cattle disease- rinderpest in ])ar1ieiilar. The serun.- 
simultaneous method of preventive inoculation is admittedly not free from risk. 
The Board will, I hope, give an opinion as to whether it will pay in the long run to 
take this risk in order to give piermanent immunity against India’s most serious ot 
cattle diseases. 

Another subject on which we are to deliberate at tliis njcetiiig is the utility ci 
agricultural middle schools. The same subject was discussed at considerable length 
by the Board in 1917. At that meeting we arrived at the conclusion that while 
rural education was primarily the business of the Educati(ui Department, a limited 
number of agricultural schools should be opened as an experimental measure, in 
view of the possibility of a demand for a purely agricultural education arising. The 
subject was again considered by the Board in 1922. and the conclusionB arrived at 
weie that although the special schools of the ty])e recommended in 1917 had not 
been successful generally, further experiments w^ere necessary. Attention was 
drawn, moreover, to the fact that a scheme to provide agricultural training in 
ordinary middle schools had met with a considerable measure of success in the Punjab. 
Nearly four years have passed since this subject was disc ussed. and it is^ therefore. 
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desirable to examine and report on tbe progress made and experience gained during 
that time. 

“ Another subject on the agenda is the improvement of Indian tobacco. There 
is in this country a great demand for a cigarette tobacco possessing the flavour of 
the imported Virginian cigarette. The varieties of tobacco indigenous to India 
give a somewhat coarse leaf which, to some extent, meets the local demand. The 
demand, however, for tobacco of a finer grade is increasing. In 1923-24 India 
imported cigarettes, cigars and tobacco leal of the value of 226 lakhs of rupees ; 
she exported in the same year tobacco worth Rs. 1,02,97,000. The possibilities of 
developing a bigger export trade, particularly with Great Britain, is greRter now 
than ever before, consequent on the fact that Great Britain has reduced her customs 
duties on Empire-grown tobacco ; but the type for which there is a keen demand 
abroad is that required for the manufacture of cigarettes, namely, a tobacco of the 
colour, flavour and texture of Virginia. I should like the Board to advise as to how 
We can most effectively assist tobacco-growers to take advantage of this ever-in- 
creRsing demand for tobacco of better quality. It may be desirable to give more 
attention to tobacco-breeding with a view to evolving types giving a finer quality 
of leaf : it may be desirable, too, to give increased attention to the technique of 
curing, fermentation, etc. 

“ Subject 4 on the agenda deals with the question of how to save crops from 
damage by wild animals. The amount of damage done by such animals as pigs, deer, 
jackals, monkeys, etc., is enormous, owing to the fact that the cultivator either 
will not, or cannot prevent it. The problem is rendered all the more diflicult by 
the fact that he finds it expensive to fence his different fields scattered over the 
village area. Still I have noticed that within the last 16 ycRis a demand for patent 
woven fencing has arisen, and that considerable quantities of it are now being 
used in some provinces for the protection of the more valuable crops. 

“ The last subject on the agenda refers to the activities of the International 
Institute of Agriculture at Rome. India is represented on this International Insti- 
tute ; but the opinion has been expressed by delegates who have represented India 
at its meetings, that the Institute is badly supplied with infonnation concerning 
the development of agriculture in this country. There is a feeling that if India could 
exercise a greater influence on the policy of the Institute, it would be possible 
to get it to publish information concerning tropical agriculture in which India along 
with other tropical countries is so deeply interested. The Board may be able to 
suggest ways and means ot establishing closer relationship with the Institute. The 
provisional agenda for discussion at the General Assembly of the Institute next 
May has been sent to us for consideration. It will be the duty of the Board to discuss 
this agenda, and to suggest the attitude which should be taken up by the delegates 
from India who attend the Assembly. 

It is now my privilege to request the Honhle Member for Education, Health 
and Lands to address the Board.” 




V. 



THE HON’BLE SIR MUHAMMAD HABIBULLAH SAHIB BAHADUR, 

Member in charge of the Department of Education, Health and Lands, Government of India. 
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Sir Muhammad Habibullah’t Speech* 

The Hon’ble Khan Bahadur Sir Muhammad Habibullah, K ti, K.O. B .i ., then 
addressed the Board as follows : — 

Gentlemen, — I accepted with alacrity the invitation of your President to 
attend this m(3eting of the Board of Agriculture mainly for two reasons. In the 
first place, I was eager to convey to you in person the great interest evinced by the 
Government of India in all problems which conduce to the happiness and prosperity 
of the agricultural population of this pre-eminently agricultural country. In the 
second ^dace, I could not resist the temptation to seize the earliest oppoitunity of 
meeting so many enthusiastic w^orkers- official and non-official— engaged in agri- 
cultural and veterinary work in British India and in the Indian States. It is, in 
my opinion, the most useful, if not the main, function of these I icnnial meetings 
to afford agricultural and veterinary officers an opportunity of discussing their 
respective activities ; they act as a clearing house of agricullural information and 
as a means of keeping you all, separated as you are by great distances and working 
under diverse conditions, in touch with one another. I have listened with deep 
interest to Dr. Clouston’s admirable speech, rc^viewing the items of work which await 
your consideration, and 1 feel reluctant to indulge myself in making any ohsei vatiers 
of my own ; but I trust that you wull bear with me when I claim that, as one connected 
with a province which is predominantly agricultural and having had oj^poitunitics 
of coming into contact with agricultural conditions, it will be my earnest endeavour 
to contribute my share, however small, as Member of the Government oi India 
in charge of Agriculture, in the development of this the greatest and the most im- 
poriiant of Indian industries. 

“ We are now, I trust, emerging from the financial stringency which, as an in- 
evitable result of the Great War, had rendered fresh expenditure on Agricultural 
Departments in India w'ell-nigh impossible. The fact that in spite of this 
embargo, Provincial Departments have, during the past five years, increased instead 
of curtailing their activities is, to my mind, a striking tribute to the persevering 
efforts of Provincial Governments and the unflagging zeal of the agricultural officers 
serving under them. The Government of India, on their part, have also, in the face 
of adverse financial circumstances, tried to contribute their quota in that direction. 
As you are aware, the institutions at Pusa and Muktesar have not only been main- 
tained but have been materially expanded. Three dairy farms, at 'Wellington, 
Kamal and Bangalore, have been taken over from the military authorities. Their 
activities and those of the Institute of Animal Husbandry and Dairying at Bangalore 
are so well known to you that it is needless for me to enlarge upon them. We have 
in addition recently taken over the military creamery at Anand and propose to 
run it as a dairy factory school. The Coimbatore Sugar Research Station has been 
brought under Imperial control and proposals have been sanctioned for its substan- 
tial expansion during the current year. We have also, as you are doubtless aware, 
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steadily kept in mind the claims of agricultural education, especially in regard to 
veterinary and animal husbandry and dairying. Last, but not the least, it was in 
the year 1921 that the Government of India took steps to constitute the Indian 
Central Cotton Committee, whose activities, in these few years, have been of immense 
benefit not only to the Indian cultivator of cotton but also to the cotton trade in 
general. These activities of the Imperial and Provincial Departments of Agriculture 
are all the more remarkable as, owing to causes which I need not recapitulate^ 
Departments of Agriculture in India have, during this period, lost the services of 
some of their most eminent and experienced officers. I am, however, happy to notice 
that, as a result of the labours of the Lee Commission, of which I had the honour 
to be a member, the considerations which largely contributed to this unhappy result 
have been greatly minimized, and we may confidently hope to count, in future, on 
a sufficiency of suitable officers. 

‘‘ We are now, I think, in a position to take stock of the situation. In the com- 
paratively short period, during which the Imperial and Provincial Departments 
of Agriculture have been at work, most of the staple crops of the country have been 
improved by selection and crossing. Over five million acres are now being sown 
every year with improved varieties and strains. Thousands of agricultural imple- 
ments and labour-saving machines, which have been tested and approved, are being 
supplied annually. The various breeds of cattle are being improved by selective 
breeding and better feeding ; prophylactic measures have been introduced on 
a large scale to protect them against disease ; crop pests and diseases have been 
studied and remedies devised ; organizations for jiropagating and distributing 
improved seeds and for supplying agricultural imjilements, machines and manures 
have been built up. These are but a few of the outstanding results of the labours 
of the Agricultural and Veterinary Departments in this country working in con- 
junction with Co-operative Departments ; and, handicapped as we have been 
both by the need for economy and by the shortage of officers, you will, doubtless, 
agree that this is no mean achievement. There is. however, another side of the 
Indian agricultural problem which needs examination and solution. It is not enough, 
to use a homely phrase, ‘ to make two blades grow where one grew before ’ although 
I confess it means a great deal. We should, at the same time, ensure that the cropt 
so grown can be sent expeditiously and cheaply to places w^here they are required, 
and that the man who grows them should get an adequate return for hia labour. 
In short, the importance of the questions relating to transport of agricultural produce 
and the provision of cheaj) credit to the cultivator cannot be sufficiently emphasized. 
I realize that in a country like India, with its 7 lakhs ol villages and with a population 
of 319 millions, it is by no means an easy problem to tackle ; but I feel confident 
that the efforts so far made in this direction, will receive further stimulus. 

“ The rural problem has numerous aspects. Each of us is working on our own 
facet of it. We are like members of a team. From our own special angle, we are 
all making our contribution towards the same high object ; that object is the welfare 
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of the great maBS of the population of this country, whose livelihood depends on 
the land. We must remember to take broad views and long views. We must think 
nt)t only of the innumerable problems connected with the production of good crops, 
but we must think also of the transport of that produce to market and of its luarket- 
ing. We must consider how the whole process is to be financed , and as our range 
widens, we must take count of those great and diflScuIt problems connected with 
tile grow^th of population and the increasing pressure on the land. We must extend 
our interest to the problems connected with rural cducatien vhieh should make 
our rural population not only good men and goed women but also good agriculturists ; 
rural sanitation which should help to reduce the grave mortality in many tracts 
of the country, especially among children, and the in'j lovc n ( nt of the village system. 
It is only w^hen the problem is envisaged in its widest bearings that we can each 
realize our own line of work in its true perspective. However specialized the line 
of work may be, that any of you is pursuing, the validity and vah ( of your con- 
clusions must be greatly affected by a correct appreciation and correlation of its 
bearing on all other forms of agricultural improvement. In the provinces, therefore, 
the officers of the various departments, engaged in progress among the agricultural 
classes, should maintain the closest touch with each other and work in intimate 
co-o])eration. Similarly, as between provinces, some measure of cu-ordmation is 
desirable and duplication of work should be avoided. 

“ There is another point to which I would desire to invite public attention : 
I refer to the imperative necessity of encouraging our educated young men to realize 
that agriculture also affords an opening for an honourable and prosperous career 
in life. I do not refer now to their legitimate ambition to take up appointments 
in the Agricultural Dejiart-ments, but to the desirability of their taking up farming 
as a profession. The underlying aim of our agricultural colleges is not merely to 
jirovide recruits for our Agricultural Departments but mainly to turn out good, 
scientific and ii})-to-date farmers. We desire that the students in our agricultural 
colleges, after completing their course, should utilize the knowledge they have thus 
gained, by taking to agriculture as a profession. After all. very few’ of those who 
y>a88 out of the agricultural colleges can be absorbed into Government departments. 
Moreover, there is great need in the country for a nucleus of ( ducati d men w ho have 
made farming their profession, and it is these men who can. by their example, dis- 
seminate among their less fortunate brethren a knowledge of the modern improve- 
ments in agricultural practice, Hitheito, Governments in India, through their 
demonstration farms, have tried to do this work ; but the resources of no Govern- 
ment can be so large as to undertake such a gigantic task. There is a wide field for 
private effort in this essential direction. And here I would make auMiarnest appeal 
to the big landowners to co-operate with Government in this laudable sphere. The 
agricultural prosperity of England, wdiile it was still a predoniinantly agricultuial 
country as India is to-day, is largely due to the efforts of her big landowners, and 
i8*it therefore too much to expect that the big landowners in India will realize their 
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responsibilities and serve as pioneers in raising the standard of agricultural practice 
and, by the force of their example, influence the masses of the rural population to 
follow in their wake ? 

I should like, once again, to express my great pleasure at having had this 
opportunity of meeting you all. The recommendations of the Board of Agriculture 
have, in the past, been of the greatest value to the Government ot India and I am 
sure also to the Provincial Governments, and many of them have been carried into 
practice with gratifying success. T am confident that your ensuing deliberations 
will have an equally fruitful result. Interest in Indian agriculture has recently, 
as a result of the pronouncements of the Secretary of State and of His Excellency 
the Viceroy, been greatly stirred, and, if I may hazard an opinion, we are, I think, 
now on the threshold of an era of agricultural development which will, in course 
of time, place Indian agriculture on the same high plane as it is now in Europe and 
America, and which will contribute to the lasting prosperity of the rural population 
of India, and, through them, of our country. 

“ And now. Gentlemen, it only remains for me to thank all those who have been 
responsible for the success which, so far, has been achieved. I realize that, in a 
big venture like this, it is somewhat difficult to select for special mention those 
earnest and enthusiastic workers who, in their own spheres, have ungrudgingly and 
loyally devoted themselves to their respective tasks in a manner to call forth the 
highest admiration. Some of them have worked against odds ; some in environ- 
ments which were uncongenial to their scientific labours, and some others again in 
combating a conservatism which had survived for ages. If I may be pardoned for 
any personal reference, I cannot help feeling that it would be ungenerous on my 
part if I fail to acknowledge, on this occasion, the great contributions made })y 
Dr. Cloustonwho, inhiscapacity as Ad\isor to the Government of India, has spared 
neither time nor energy to help them from time to time with his sound advice and 
mature experience. When I have singled him out for special mention I feel that 
I have conveyed my sense of appreciation of the services rendered by the entire 
cadre of which he is the acknowledged official head.” 
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SOME KECENT ADVANCES IN THE PROTECTION OF CATTLE 
AND OTHER ANIMALS AGAINST DISEASE. 

[Papers from the Imperial Institute of Veterinary Besearoh, Muktekar 
(Director, Mr. . 1 . T. EDWARDS ; Secretary for Publications, Mr. S. K. 
SEN).] 

V. TICK.BORNE DISEASES. WITH SOME REMARKS ON THE DISEASES 
OF CATTLE CAUSED BY PROTOZOA. 

BY 


HUGH COOPER, M.R.C.V.S., 

Pathologist, Muktemr. 

Systematic examination of Indian cattle invariably reveals the presence of a 
number of parasites, frequently Ixdonging to several different species, without any 
apparent ill effects being produced on the animals on which they occur, although 
in such cases the parasites are usually present in small numbers. On the other 
hand, under certain conditions, some of these parasites would appear to be capable 
of setting up severe and at times fatal complications. Evidence of the latter fact 
was obtained in the course of an investigation undertaken some time ago, at 
the Imperial Institute of Veterinary Research, relative to coccidiosis, a form of 
dysentery in cattle due to a protozoan parasite ot the intestine. Twelve calves 
ajjparently in normal health, and specially procured to serve as “ clean ” or uninfect- 
ed animals, were subjected to detailed exanu'nation over a period of several weeks, 
during which time opportunity arose for post-mortem examination of several of them 
and in these no less than seventeen distinct species of parasite were detected, the 
more important of these from the disease-producing point ot view belonging to the 
protozoa. It was found, also, that the twelve calves already harboured small 
numbers of coccidia, and during the progress of the investigation one actually died 
of dysentery, under otherwise natural conditions, apparently due to the presence 
of these parasites, whilst another died of the disease when it had apparently almost 
completely recovered from an experimental attack of rinderpest. This is of interest 
as indicating the potential pathogenicity of certain groups of organisms normally 
living in a dormant state within the tissues of their hosts, since, when first obtained. 

{ »6 ) 
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the calves showed no clinical indication of the infection, and the organisms could 
only be demonstrated by the application of a special method ot concentration for 
their detection. Whilst furtherinvestigations are necessary to determine precisely 
the circumstances which allow a latent and usually harmless infection to assume the 
characteristics of a virulent and sometimes fatal disease, one understands in the 
case of rinderpest at least that a resuscitation of the dormant parasites may result 
from specific tissue depression following upon an acute, but not fatal, attack of the 
disease. 

The same calves were also found to harbour two species of intracorpuscular 
protozoan blood parasites, namely, Babesia {^Piro'plasma)higeminum and Theileria 
mutans, these and similar other parasites being collectively designated by the 
name of “ piroplasms.” 

B, higeminum or the large piroplasm ” is the agent incriminated with the 
causation of acute or tropical redwater ” or the so-called “ Texas fever of 
America, and infection with this parasite is so widespread in India that probably 
in most localities cattle become infected as calves, at which age they possess a high 
degree of resistance, and are subsequently immune, by virtue of becoming ‘‘ carriers” 
of the parasite in a latent state of activity for the rest of their natural lives. This 
immunity is, however, liable to become broken down, as in the case of coocidiosis, 
through the effects of intercurrent disease conditions, such as those following upon 
an attack of rinderpest, or through exposure to other adverse conditions, with the 
result that the animals may then succumb to ‘‘ redwater ” infection. The trans- 
mitting tick in India appears to be identical with that responsible for this disease 
in most other countries, such as the Southern States of United States of America 
and Queensland, namely, Boophilus australis {Margaropus avnvlaius australis). 
This tick is what is known as a ‘‘ continuous ” feeder, i.c., it spends the whole of 
its life-cycle, from larva to ovigerous female, on one host, and this continuous 
period of attachment lasts 21 to 22 days. 

With regard to T, mutans or the “small piroplasm,” experience gained at lluk- 
tesar would seem to indicate that all cattle in India are infected with this orga- 
nism, for careful examination of animals, at first supposed to be free from infection, 
invariably revealed the presence of these organisms, .although the infection did not 
appear to be productive of any ill effects upon the host, even when the organisms 
occurred in large numbers. There is evidence on record, however, that under certain 
conditions the mutans parasite may be so exalted in virulence as to be capable of 
producing an affection similar to the formidable disease of .Afiica known as East 
Coast Fever, the causal agent of which is the protozoon ThdUria parva. It is 
therefore not improbable that T, parva is in reality merely a virulent variant of 
T. mutans in the same way as the organisms of Malta fever ol man and contagions 
abortion of cattle are now known to be very closely allied, and yet in pathogenic 
effects are different, and this hypothesis is further indicated by the fact that 
during the last two years at the Muktesar Institute, microscopic examination of 
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lesions found post-mortem in animals infected with T. mutans has revealed structures 
indistinguishable from those associated with the African disease. This kind of 
piroplasm is transmitted by ticks which, from the nature of their life-cycle, are 
what are known as “ interrupted ” feeders, i.e., they “ dro]) off ” from their hosts 
between the larval and nyniphal stages, and again between the nym])hal and adult 
stages, on to the ground for varying periods of time during which they undergo a 
])rocess of moulting, before they emerge into the succeeding stages, when they are 
again ready to climb on to a new host. The period of attachment to the host during 
the larval or nymphal stages varies from 3 to 6 days. The common “ interrupted 
fiM^der which occurs on cattle at Muktesar is the tick known as Hyalomma oegyptium, 
and it has been suspected in other parts of the world of transmitting infection of this 
kind. 

In addition to tin*, diseases enumerated above, there is evidence on record to 
indicate that certain ill-defined fevers may be induced by toxins or “ poisons ” 
inje(‘ted by ticks at the site of puncture, whilst excessive parasitism may occasion 
serious mechanical injury to the host by setting up wounds which may become 
subsequently infected by maggots or lead to 8Up])urating sores due to secondary 
infection by organisms ; or, again, the deleterious effects of tick infestation may be 
manifested in decreased milk ])roduction or in general loss of condition whereby 
the affected animal is rendered liable to contract other maladies. 

The extent of economic advantages accruing from the maintenance of tick-free 
animals is strikingly illustrated by the fact that in one badly infected country it haf 
been calculated that cows will yi(dd at least one quart more milk daily and bullocks 
will increase in weight from 10 to 15 per cent., when freed from ticks, as compared 
with tick-infected animals. 

In the early days of cattle breeding in Queensland, during the period following 
upon the natural diBa})pearance oi redwater in consequence of immunity acquired 
by the animals, the tick population increased to such an extent that unthriftiness 
of cattle during the tick season threatened to make cattle raising an economic 
failure, and the depreciation in value of hides due to injury inflicted by ticks wae 
estimated at £114,000 for one year alone. 

Fortunately, there has been, during recent years, an increasing realization of the 
importance of ticks not only as vectors of disease, but, as has been indicated above, 
as agents responsible for serious direct injury to bve-stock, and the results of investi- 
gations carried out in other countries strikingly demonstrate the extent to which 
improvement in the condition of live-stock may be effected by the adoption of 
measures directed with the object of controlling this vermin. 

It is now generally agreed that dipping of cattle in properly constructed ‘‘ swim 
tanks ” of adequate length, so as to ensure contact of the dipping fluid with the whole 
body surface for a sufficiently long time, is the only effective method of treatment 
for the destruction ot ticks, since this object vrould obviously hardly be achieved 
with the same degree of thoroughness if such partial measures as spraying and 
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douching were resorted to. Attention has therefore been given in various countries 
to proper dip construction to ensure this efiect, and several types of tanks of proved 
efficacy are now in use. 

The frequency with which dipping operations have to be performed will obviously 
be determined with reference to the habits of the species of tick which it is sought to 
combat. Thus, in the case of a continuous feeder like the Texas Fever tick, dipping 
of cattle will have to be performed at intervals shorter than the period of attachment, 
and most authorities recommend dipping every 16 days for its eradication. On 
the other hand, in the case of interrupted feeders, such as those involved in the 
transmission ot East Coast Fever, it would appear from what has been stated in 
regard to their feeding habits, that the interval between two successive dippings 
should not exceed 3 days, and in certain localities in Africa, where the cattle popula- 
tion has been threatened with extinction due to the existence of the menace of East 
Coast Fever, the institution of regular dipping at this interval of time has been 
enforced by law. 

It has to be pointed out that, in order to make dipping effective for the purpose 
of combating redwater infection, it has to be performed over wide areas. Otherwise, 
it may happen that the dipped cattle are kept free from the piroplasm infection 
during their early age and are subsequently bitten by ticks that have become infected 
upon '‘carrier’’ cattle not subjected to the dipping treatment. (The infection is 
transmitted through the eggs of the ticks, from one generation to another.) In 
this way adult cattle may succumb to fatal redwater, owing to their having failed 
to secure immunity by passing through a mild attack of the disease during their 
early age. For this reason, where dipping has been practised for the eradication of 
redwater, as in the United States of America, it has been enforced wherever the 
transmitting tick occurs, by application of Federal laws governing the compulsory 
dipping of all cattle over areas covering many thousands of square miles, and quaran- 
tine regulations have not been withdrawn from any affected State until its cattle 
population have been certified as tick-free. 

The dipping fluid almost exclusively in use is a solution of sodium arsenite made 
up to the requisite standard in accordance with one of the various formulse recom- 
mended [e.g., the formulae for dipping fluid in use in Queensland).* In practice, 
attention is needed for the maintenance of the proper concentration and also the 
proportion of the ingredients, in order that the fluid, whilst exerting its maximum 
e fleet upon the parasites, may be harmless to the cattle undergoing dipping operations. 


* There are several efficient official formuUe for arsenioua oattie dips as used in Queensland, Bttoh 
as : — Queensland Cattle Dip ‘ A * — Arsenious acid 8 lb., caustic soda 4 lb., Stockholm tar J gal., tallow 
or oil (animal or vegetable) 4 lb., water 400 gal. ; Queensland Cattle Dip * B ’ — Arsenious acid S lb , 
caustic soda 4 lb., bone oil 1 gal., water 400 gal. The recipe for what is known as the “ Watkins- 
Pitohford Dip ’* is as follows : — Ajsenite of soda lb., soft soap lb., paraffin 2 gal., water 400 gal. 
This dip has been used with success in combating ticks incriminated with the transmission of j£uit 
Coast Fever. 
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In view, however, of the costs involved in the institution of a system of regular 
dipping, the necessity of introducing such a system will obviously have to be deter- 
mined with reference to the actual extent of loss suffered by a tick-infested locality. 

The drawing of the type ot dipping tank used in Rhodesia shown on p. 99 
may be taken to serve as an indication of the dimensions, specifications and accessory 
requisites ot a serviceable and economic dipping tank.* 


•For further information on the important factora refened to above for carrying out effective 
clipping operations, set comprehensive extracts given in Tropical Veterinary Bulletin^ Vols. 6, 7 and 8 
(1918-1920). Details of methods of dipping are described by Knuth and Du Toit in Handbuch tier 
TropenkranJeheiten (1921). 



STUDIES IN SUGARCANE GERMINATION. 


BY 

Rao Saheb T. S. VENKATRAMAN, B.A., 

Oovernment Sugarcane Expert^ Coimbatore. 


I. Introduction. 

I’hk [irocosHu^ cooiiecbud with the gcriuinatiou and early growth of the planted 
lUiterial is well worth a study in the case of any cro}), because of adverse eflects 
which a bad or weak germination often has on the crop at harvest. This is parti- 
cularly so in the case of the siigarcainj ; in this crop plants which are poorly in the 
e arlier stages or germinate later than others are often not able to catch the rest ot 
the held in growth, sometimes even in spite of s})ecial treatment. 

The subject has, therefore, been engaging some attention at the Coimbatore 
Sugarcane-breeding Station for the past three years as opportunities ofl'ered them- 
selves. The results given below are thought to be of sufficient interest to warrant 
publication ; some of the conclusions have a bearing on the preparation of planting 
material in sowing the sugarcane crop. 


II. Tub RdLE OF THE INTEHNODE IN GERMINATION AND EARLY GROWTH 

OF THE UANE PLANT. 

In a sett at the time ot germination the obvious centre of activity is the nodal 
region ; both the buds and first set of roots have their origin in this portion. 
Secondly, in cutting up setts for planting, as is ordinarily practised by the cultivators, 
some variation is noticed in the amount of the internode that is allowed to remain 
at each end of the sett. Thirdly, in the case of planting material received from 
overseas, it was found that considerable portions of the internode — which had turned 
sour during transit — could be removed and yet healthy plants obtained from the 
material. The value of the internode in the germination and early growth of the 
cane plant, therefore, suggested itself as a fit subject for study. More than half a 
dozen series of experiments W3re laid during the last three years, and these gave 
similar results as to the value of the internode. Two of the experiments and one 
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set of observations recorded on the germination of a large number of varieties are 
detailed below. 



8 


E~2l 



9 


Experiment I. 

In May 1923, two varieties, B.3412 and Saretha, were sown, the planting material 
being suitably prepared to bring out in the resultant plants, differences if any from 
the presence or absence of the internodal portions. Sixty buds were sown in each 
experiment which was repeated three times in the plot. After a period of six months 
the entire gro\vth including leaves was harvested and weighed. The experiments 
gave similar results and the results of one of them are given in Table I. 
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Table I. 


Harvest rejndts from svgarcane setts prepared in diffirent ways. 


Name of 
variety 


Method of preparation of planting material 


Weight of crop 
in lb. (six 
months from 
sowing) 


B.3412 

B.8412 


Saretha 

Saretha 


Ordinary three budded setts. (Fig. 7.) 

Buds sown with the nodes, the intemodal portions being 
removed. (Fig. 9.) 

Ordinary three budded setts 

Buds sown with the nodes, the internoda] portions being 
removed. 


160 

62 

234 

170 


Experiment II. 

In March 1 924, two varieties, B.3412 and Co.213, were sown, the planting material 
being treated in a different and perhaps a more efficient manner for the study. The 
experiment was repeated four tinios in the plot, twenty buds b(‘ing used in (sch 
ex]>eriineut. Table II gives the details of the methods of treatment and the results 
obtained. 


Table II. 


HarvcM remits from sugarcane setts prepared in different ways. 


Name of 
variety 

Method of preparation of planting material 

1 Weight of crop 

in Ib. (four 
months from 
sowing) 

b.3412 

Single budded setts with maximum internode on each side. ; 

(I«g.8d 1 

42 

B.3412 

Single budded setts with minimum internode on each side. 

9.) 

10 

O 0 . 2 I 8 

Single budded setts with maximum intemode on each side. 

80 

O 0.213 

Single budded setts writh minimum intemode on each side. 

62 
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Experiment III. 

The third set of results was obtained from observations on germination in the 
varietal plots at the station. In an ordinary three budded sett (Fig. 7) it is 
obvious that the central bud has available for its use a larger portion of the internodo 
than either of the two end ones. If the internodes are of any use in germination, 
if was argued that the end buds might show differences either in the percentage of 
germinations or in the comparative weakness of the plants developing from them. 
Observations on the comparative germination of end and central buds were made on 
bhirty-one varieties of Indian canes belonging to four different groups and forty-four 
Coimbatore seedlings. The table below gives the results. 


Table III. 


Comparative germinations of end versus central buds in three 

budded setts. 


Variety 


1 1 varieties of the Mungo group . 

7 varieties of the Saretha group 

5 varieties of the Sunnabile group 

6 varieties of the Pansahi group 
44 Coimbatore seedlings . 


Number of 
buds 
studied 

Pkboentaok of 
OBRMINATIONS IN 

Central buds 

End buds 

600 

64 

28 

420 

78 

60 

300 

08 

32 

360 

63 

44 

1,760 

64 

42 


The above three sets of experiments show that the internodcs have a distinct 
v^alue in the germination and early growth of the cane plant. 


III. The r6le of root eyes and pith in gerbanation and early growth. 

A^r planting in the soil it is the nodal portions of the setts that show marked 
activity, one of the most noticeable features being the development of roots from 
the region of root eyes found at the base of every cane internode. Single budded 
setts with an inch of intemode on either side were spliced longitudinally and portions 
of them planted in the soil to see the effect on germination. The experiment was 
further varied by removing the pith, leaving behind practically only the rind por* 
tions of the sett. The results are given in Table IV. The different methods of 
preparation of the planting material and the relative growths obtained from each 
of them on the seventeenth day are seen in Figs. 1 to 6 which are reprodue- 
tions from photographs recorded at the time. 
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Table IV. 


Germinations from single budded sells dejjrivcd of forliot.s of the icci teres ot.d fntli. 

Co. 210. 


j\ ethoU of ireparatiou of planting 


NUMllfcR OF OERMINATIO? B ON 


iratorial 

aih 

0th 

7th 

8th 

Otfj 

loth 

Util 

12tli 

l:ith day 

1. Siiigle liiulded widi aii ine'i of inter- 

node on eao ' «lde (I’iv. 1) 

1 

2 

4 


8 

0 


V 

0 

2. singfe iu.dded :e(tH lila (i ) i nt Kiil oad | 

ioDRK udlnatly into 2 equal Italven. Uie half 
nmtainlnK the hnd helm; w.wn (rifi. 2). 

-- 

1 

* 

A 

f> 

0 

7 

B 

7 

Sliidlar hi (2) hut the hud < arryin^f only a 
quadrant uf the wdt (11}.'. :!)• 



2 

m 

’• 

r> 

5 

B 

7 

4, Kiiiiilar h* (1) hut tlie i llli ren.oAed 
n-'ip. 4). 




B 

2 

A 

A 

B 


r>. Similar to (2) hut tise pith removed 

(l iK. ri). 




B 

1 

•) 

o 

A 

3 

fi. Sindlai to (.'{) hut tlu jdth ren oved 
( I’iu. (J). 




1 ] 

i 

1 

1 

1 

2 

2 


IV. The store of plant food in a planted sett. 

The weakening in gerniination and giowth Viith tl.e Icsa of variouB portions of 
the cane sett as noticed in the above erinients. indicate that such portions are 
probably of use to the germinating cane jdant as a store house of plant lood.^ In a 
set of experiments in which a dozen vaiietics were gic/wn at the station in duplicate 
in two series of pots— one series filled with washed river sand and the other with the 
ordinary potting earth- it was found that the sand pot plants took six to eight 
weeks before they showed signs of starvation. 


V. The irreducible minimum of the cane that has to be planted with the 

BUD to ensure germination. 

The experiments detailed in Section 111 were carried a step further, by carefully 
separating the buds alone from the canes and planting them for germination in 
small pots or glass chimneys filled with moist sand, blotting paper, sawdust, peat- 
moss and others. Thus treated the buds refused to germinate. The very few 
germinations that were obtained from these sowings were, altei wards, fcui d tiace 
able to a root eye or twT) which had escaped notice while preparing the material. 

* Dr. H. A. Tempany has come to the conclusion that the stoiage of sucrose in the stem of the 
sugarcane is a definite provision for the propagation of the plant by means of shoots from the eyebudu 
The loiiigiava Planter, UHh May. 1924). 
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So long as a root eye or two and the rind carrying them were included (Fig. 10), it was 
found that germinations could be obtained, though the resultant plants were rather 
poorly from lack of plant food. 

The above results might be of some use in obtaining from diseased crops healthy 
planting material. For obtaining healthy material from diseased crops, it is 
obvious that the less of the diseased cane that is planted with the buds the greater 
the chances of securing a healthy stock. The method is likely to be of particular 
use in cases where the disease is confined to definite regions of the cane. 

VI. Summary. 

1. The internodal portion of a cane has a distinct use in the germination and early 
growth of the young cane plant. 

2. The deprivation of root eyes and pith has a distinct adverse effect on germina- 
tion and early growth. 

3. The ordinary three budded cane sett contains enough plant food to kefj) the 
plant going for at least six weeks. 

4. Sugarcane buds would germinate even when they are de})rivcd of the bulk 
of the cane sett, so long as one healthy root eye with the rind carrying it, is attached 
to it at the time of sowing. 



SHOULD AGRICULTURE BE ENCOURAGED? 


BY 

H. CALVERT, C.I.E., B.So., LC.S., 

Commissioner y Rawalpindi Division. 

Thk niOBt important problem demanding attention in India is that state to which 
some apply the term ])oveity,” while otheis prefer “ a low standard of living.” 
There are some who d(‘,plore it ; others apj;ear to be rather proud of it as a sign of a 
spiritual victory over materialism. In one of the most recent worhs on Indian 
economics, it is stated tliat “ religion in India tends to keep both production and 
consumption within reasonable limits.” With unusual boldness, the writer does not 
hesitate to say that “ neither is the element of pleasure in consumption able to 
hypnotise him (the Hindu) into a modem believer in a high, very high, and yet ever 
rising standard of living, nor is his productive activity carried too far as an end in 
itself to produce commodities for the ever increasing wants, and thus never pushed to 
that ])oint wliere it becomes a source of positive pain. I'hat is why we find a peculiar 
atm()8]>here of serenity surrounding the Indian life, be it in the home, in the field, 
in the ])asture, in the* market or on the high road, nay, even in the courts and camj s 
of our ])ottmtate8. As each individual is born and grows to maturity, he finds his 
jilace in society, and has his standard of living, his standard of work and everything 
fix(»d. If an individual wishes to go beyond the standard of consumption of his class, 
and as a result becomes too much of an acquisitive person, both society and religion 
come down upon him, and by one and a thousand means succeed in getting a shaie 
of his superfluous jiossessions.”^ 

In this descri])tion of the Hindu view ot life, there is a large element of truth ; 
if it were universally or even generally acce}>ted throughout the sub-contimnt, 
th(‘re would be little hoj'e for any permanent success in the efTorts of the Agricul- 
tural Departments, Imperial and Provincial, and there would be less need foi that 
exjiansion of activities which High Authority has foreshadowed. 

Tluire art% however, others who, while disapjiroving of Western materialism, aie 
yet never weary of dwelling on the poverty of the Indian people, and their dependence 
on agriculture. There is a certain amount of national ” feeling in the demand for 
industrial expansion irriispective of the suitability of local conditions to large-scale 
manufactures on modern lines. It is hardly an exaggeration to state that not one 
of the “ leaders of the people ” recognize in agricultural improvement an adequate 
remedy for the prevailing low standard of living ; their interest in this question 
has not been conspicuous, Indeed, some of the more extreme see in such improve- 
ments as American cotton but another example of the exploitation of India’s resource s 
in the interests of foreign capital. 


^ BKatnagur. TKe Basis of Indian Economy ( 1926)» p. 54 fif, 
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If, however, it be permissible to hazard a guess at the opinion of the great in- 
articulate mass of the people, it may be suggested that it is to agriculture, and almost 
to agriculture alone, that they look and will continue to look for the satisfaction 
of their wants. In the Punjab, and probably elsewhere, there is a distinct tendency 
for the menial and artisan classes to take more and more to cultivation. It raises 
their social status ; and to the menials at least it seems to offer a means of escape 
from the lowly duties and the small rewards attached to their position. Even 
where men have ventured into factories and mines, they still continue their connec- 
tion with agriculture ; industries in the present stage are yet a subsidiary occupation. 

Among the more thinking members of the different communities, it is still 
agriculture which occupies first place in the list of methods for improving the 
economic position of the people. And High Authority supports them. India, 
they say, is predominantly an agricultural country, and agriculture should be en- 
couraged. But are they right ? Should India be an agricultural country ? Will 
agriculture, even when improved by the laborious efforts, the enthusiasm, and the 
devotion of the experts, ever suffice to dispel poverty from the land ? Should 
agriculture be encouraged ? 

Poverty may be regarded as the natural state of man, the state in which he is 
found when unaided by science, capital and enterprise. Without these, a low 
standard of living is inevitable, and even with these a low standard of living is his 
lot unless he is prepared to secure the fullest possible advantage from their use by 
hard and unremitting toil. The accepted conception of poverty, of course, is 
moulded by the standard of living prevailing in the particular locality. It is doubtful 
if the majority of the cultivating class regard themselves as “ poor.’^ In England 
that term would not be applied to men who owned as many acres of good land as 
large numbers of Punjab peasants do. But it may be taken as generally accepted 
that the people of India lack many amenities which should, if possible, be brought 
within their reach. For the purpose of the present argument it is unnecessary to 
enter into detail. 


In the “ Census of India, 1921,’’ there is printed a table which has frequently 
been quoted and may be repeated yet again in the form below , sli owing the cultivated 
area per cultivator in the various provinces : — 

Province Cultivated area 

per cultivator 


^ , «wjree 

Bombay . 12*15 

Punjab . . ...... 918 

Central Provinces and Berar g*4g 

Purma . . 5.65 

Madras . . ...... 4*91 

Bengal . . 3*12 

Bihar and Orissa ...... 3*09 

Assam , . 2*90 

United Provinces .... 


It ia not intended to streaa too much the importance of these crude arithmetical 
averages ; but for the purposes of this paper two points require attention ; firstly, 



SHOULD AGRICULTURE BE ENCOURAGED 


109 


the general low figure throughout the country, and secondly, the position of the 
Punjab as one of the most favourably situated provinces. In dealing below with 
details from this province, it must be borne in mind that other provinces are, if 
anything, in worse position. The figures given above include holdings of one acre 
and less, but the investigation made in the Punjab indicates that the omission ot these 
does not make the remaining figures much more favourable, while many of these 
tiny holdings are in the hands of agriculturists by calling. Including these holdings, 
the average in Belgium is 5*7 acres, in France 15*05 acr< s, in Germany 19*25 and in 
England 26*95. On the continent of Europe, except in Belgium, the holdings sltv 
owned by the occupiers ; in England and Scotland the occupiers are mostly tenants. 
The holdings in India are thus much smaller than are found in Europe. Butin the 
latter, there are numerous holdings of the Indian size. Denmark is said to have 
68,000 farms of less than ]| acres, while three to four acres is common ; France has 
over tw^o million holdings under 2| acres ; Germany has over three million holdings 
with an average of a little more than an acre each ; England has 81,000 holdings in 
the one-to-five-acre group. The tiny holding then is not confined to India, but is a 
common feature of nearly all countries ; on the other hand, it would appear that 
the^.8e petty areas are not devoted to food-grains and field ciops in the manner usual 
here. 

It is now possible to enter into further detail of the size and distribution of 
holdings. From the results of an inquiry (published by the Standing Ecaid cf 
Economic Inquiry, Punjab : Rural Section), it appears that- — 

(а) about 17*9 per cent, of the owmers of cultivated land in the province 

possess lem than one acre of land; but the area thus owned is only 

one per cent, of the whole ; 

(б) about 40*4 per cent, of the owners own from one to less than five acres ; 

the total Aim is about 11 per cent, of the whole ; 

(c) about 26*2 per cent, of the owners own from five to less than fifteen acres ; 

the area involved being 26*6 per cent, of the land ; 

(d) about 15*5 per cent, own fifteen acres and over, comprising 61*3 per cent, 

of the whole land. 

From the first table quoted, it will be clear that similar inquiries, if made in 
other provinces, would, with the exception of Bombay, disclose a i^till greater propci- 
tion of the smaller aized holdings. 

A somewhat similar inquiry into the size of holdings cultivated per cultivator, 
which is about to be reported in another publication of the Standing Board of Eco- 
nomic Inquiry, indicates that in the Punjab over 22 per cent, of the cultivators 
cultivate one acre and less ; 16-4 cultivate from one to 2| acres ; 17*7 from 2^ to 5 
acres ; 11 *7 from 6 to ; and 9 per cent, from 7J to 10. That is to say that 65 per 
cent, of the cultivators cultivate less than five acres. 

Enough has been said to make it clear that the majority ot the cultivators of 
India cultivate plots of under five acres, and that the under-2I-acre man is very 
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numeroiiB. As it may be presumed that, as on the continent of Europe, family 
fanning will continue to be the main feature of Indian rural activity, it maybe 
stated that the real problem for India is to evolve a method of putting these tiny 
plots to such use as will enable a family to maintain a decent standard of living. 

The Punjab figures make it plain that in that province at any rate there is ample 
scope for farming on broad-acre lines, provided that the owners of the over-fifteen- 
acre holdings will not split these up. Unfortunately, the evidence obtained by 
detailed village inquiries shows that most of these prefer to culsivate ten to twelve 
acres, and let out the rest on rent. Only about 8 per cent, of the cultivators cultivate 
more than twenty acres. 

Mere area is an unsatisfactory test of a holding when the object is to discover 
what will prove sufficient to maintain a family in a standard of living which can be 
described as “ satisfactory ” or decent.’* There are considerations to be weighed 
such as soil, means of irrigation, fragmentation or compactness, markets for the 
more valuable products, and so on. The term “ economic holding ” has little 
meaning without careful definition. In England, it is said that for market gardening 
and poultry an area of four acres is the minimum ; for dairying about 26 acres is 
required. The idea of a small holding as one of fifty acres is said to be out of date, 
and seventy acres is now regarded as small.” In Germany, the five-to-fifty-acre 
group represents the family farm ; in France, five acres under vine, or even less, will 
maintain and employ a family. In India an acre of tobacco will suffice. These 
very small holdings in Europe, however, are not given over to food-grains, but 
usually to commercial or industrial crops such as tobacco, hops, sugar-beet, flax, 
hemp, grapes, fruit, and vegetables. Moreover, even with these heavy-yielding 
crops, the cultivators, as said by Chapman, have to live hard, work hard and save 
hard. There is little room for that atmosphere of serenity which Burrounds Indian 
life, if a family is to get an}i}hing a}>proaching a decent livelihood from such tiny 
areas. Unfortunately also there is little hope that India will accept the methods 
and the crops which have been forced by economic pressure on ohe peo])le of Europe. 
But it must be clear that unless some means can be evolved wffit'reby families here 
can secure a decent livelihood from plots under five acres, and ovem under two-and- 
a-half, it is useless to look to the improvement of agriculture for a solution of the 
poverty ])roblem. For the greater portion of the peojilc, broad-acre agriculture 
offers nothing. For them something on market-gardening lines, petite culture, 
intennive ])roduction, must be evolved. The alternative is to pronounce the problem 
insoluble by the agricultural expert. 

There can ensue no advantage from refusing to face the difficulty. Enormous 
areas of land may be put to more productive use by improvements and discoveries , 
exports may increase, trade and commerce may derive great benefit, and the revenues 
of the country may mount up. The real problem facing the greater portion of the 
people will remain almost unaffected. It is the two-and-a-half-acre man and the 
five-acre man who need help. He is in the majority ; his c^ise is the more pressing ; 
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if he remains unassisted, poverty continues iinremedied. In his interests, should 
agriculture be encouraged ? Is there any prospect of rescuing him from his ])resent 
state ? 

To make the problem clearer, it may be useful to state the economic position of 
these people. It is true in a seiuie that the world lives by taking in each other’s 
washing. Man produces in order that he may consume ; and he consumes e ther 
what he produces or what he gets in exchange for his produce. To him. it is of 
little importance whether he gets his iood, etc., from his own fields or in exchange 
for the produce of his fields. Thus the area cultivated is important as affording 
opportunity for productive employment ; if the peoj)lc could find subsidiary employ- 
ment then the smallness of tlui holdings would matter less. The increases of wealth 
depends upon the margin between production and the consumption of the individual 
or family ; but the standard of living usually relates to conBum])tion ; that standard 
is said to rise when the consumption of various articles and services increase s and 
this requires an increase ot ]>roduction of those articles. When dealing with peo]de 
it is increase per lumd and not increase ]>er acre that is imj>ortant. If agricultural 
progress is to mean anything to the small man, it must im})rove the income from his 
small plot. 

The small (uiltivators do not cultivate for profit. They get none. It is doubtful 
if they can be said to cultivate for a return on their labour. They cultivate for food. 
Discussions concerning costs of cultivation have little meaning for them. The 
margin of cultivation here is not decided by the labour ex])ended so much as by the 
insistent demand for food from peo])le to whom there* ap})ear8 no alternative but to 
sow the land in their immediate neighbourhood. Apart, from food, the cultivator 
is apt to be satisfied with few aimiuities ; even wdiere land is available he will not 
always cultivate more than he considers sufficient for his modest needs. Of the food 
produced, the greater ])art is coiiHurned locally. The urban population be ing but 
a small fraction of the whole, its demands are met by but a small fraction of tlie total 
produced. 

The geographical situation of India renders it imjjracticabh* to secure* cheap 
supplies ot foodstuffs from overse^as or from across its land frontiers. Distances 
enforce dependence*. u])on local production. It is not economical to eat railway 
chargers. The import of whe^at from Australia a few yeurs ago does not affect the 
general argument. The population of India is so grent, its annual consumption is 
so immense, that it can neverbecome dependent upon external sources for its food. 
What is less generally recognized is that where there is no source of import, it is 
necessary to ensure a normal surplus so that a shortage in bad seasons will be met 
to some extent at least by the curtailment of this surplus. A normal surplus can 
only be encouraged by a ready market to absorb it, and this means the ex]Jort of 
foodstuffs. This export is important firstly as a reserve against bad seasons, 
secondly as a means of papng for articles imported. TheconBum})tion of the latter 
constitutes one ot the elements in raising the standard of living. Apart from these 
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considerations, there is no object in cultivating foodstuffs for export, and care 
must be taken to avoid attaching too much weight to this trade. 

It is sometimes urged that industrial expansion will render unnecessary the 
import of manufactured goods, and so there will be no need to export foodstuffs 
to pay for them, and the foodstuffs will then go to the towns. An expansion of 
industries is necessary to relieve the pressure of the cultivators and the waste of 
labour-power on the land, but the need to have a reserve against bad seasons will 
remain, and it will be a very dangerous condition for India if ever the country ceases 
to import commodities, for without imjjort there can be no exj)ort. 

In other countries, the existence of large towns, such as London or Paris, has 
exerted great influence on the agriculture of the surrounding villages, and similar 
effects are seen in India. The expansion of towns through industrial activity will 
serve to provide a better market for village produce, and will stimulate intensive 
cultivation ; but it is almost inconceivable that this expansion should })roceed so far 
as to revolutionize the rural situation. At present, something like eighty to ninetj^ 
per cent, of the people live in villages, and a doubling or a trebling of the urban 
population would hardly affect the problem of the petty cultivator. It is sometimes 
suggested that if all the manufactured articles now imported were to be made in 
India, the difference would be appreciable ; but the total amount of labour in various 
countries now employed on those articles represents such a small fraction of India’s 
population that the withdrawal of this number from the villages would leave no 
appreciable effect. 

Remembering, however, the connection between production and consumption, 
it is clear that the rise of the standard of living must be achieved through industrial 
expansion ; the amount of food, additional to the present scale, w hich the peoj le 
could consume is strictly limited. Even allowing for an all-round im]U()Vtn (nt of 
diet, this would not suffice. Consumption must expand in other directions, clothes, 
houses, and the use of manufactured articles, and these must be produced soDiehow. 
It is doubtful if anyone would argue that the poverty problem can be solve d if India 
should continue to export foodstuffs and receive manufactured articles in exchange. 
This would not relieve the position of the petty cultivator ; for him there wull have 
to be industries ; some subsidiary to his cultivation, others attracting from the land 
the surplus labour which finds insufficient outlet at present. In order to reduce the 
immense number of these and raise the size of their tiny holdings, a large propoition 
must be attracted to other occupations. 

The argument thus far is intended to call attention to the problem of that large 
section ot the people who attempt to extract a living from tiny holdings. For them 
the chief end of agricultural activity is the production of food ; their case is such 
that it is tlie food and not any jirofit from its production which provides the Btimuhis 
to exertion and to the cultivation of inferior lands ; industrial exjjansion will enhance 
and not relieve this dfunand. Geograjffiical factors must serve to rtistrict local 
consumption to local production, and in conseejuence local production is determined 
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by what the local people will consume. Of the foodstuffs produced in any area, 
the greater portion is consumed within that area. The export trade hardly affects 
the cultivator of tiny plots, and the volume involved represents but a small fraction 
of the total produced. It may be stated in brief that, under present conditions, 
there are too many people employed for too short a part of their time in extracting 
too little produce from too large an area. If this be accepted then the question whe- 
ther agriculture should be encouraged in the interests of these small cultivators 
resolves itself into the problem whether they can be taught to grow more food on 
smaller areas so as to relieve the rest for commercial crops for sale in exchange for 
other commodities. If a greater intensity of cultivation is to be encouraged, then 
the crops should be such as will respond to the extra labour. Thus the problem 
in large measure becomes one of the diet of the people. 

If the present diet does not permit of sufficient bcojjc for more intensive and more 
scientific cultivation, it must be changed. The process is already observable in the 
increasing consumption of potatoes, fruit and vegetables. The greater attention 
to agriculture which High Authority foreshadows, must be devoted to intensive 
production of fruit and vegetables, to the problem of diminishing the area under 
food crops so as to relieve more for money crops, whicli means the ])roduction of more 
food per acre. That it may be necessary to aim at an extensive alteration of the diet 
of the people must be freely recognized. Without this, it is doubtful if much can 
bo done. 

The cultivation of field crops is largely a matter for the cultivator of bigger 
areas ; by itself it will not assist much the petty holder vho forms over lialf the 
total. The agricultural expert can point to the large area available in the bigger 
holdings, and there is no question that improvements on the lines already followed 
with such success will add to the wealth of the country, will increase trade and public 
revenues, and enhance the national income ; but the object of this paper is to draw 
attention to the case of that large section of the people for whom only highly intensive 
cultivation will suffice. 

It seems very necessary when discussing an expansion of the Agricultural Depart - 
ments to recognize the distinct difference between the classes which cultivate for 
profit, and those which cultivate for food. Either this new interest of High Authority 
is to mean nothing to the greater portion of the cultivators of India, or it is to mean 
something tangible, some hope of a definite improvement in their economic position, 
some practical advantage to be reaped in their homes. The Agricultural Depart- 
ments are not primarily concerned with prospects of industrial expansion, although 
such expansion may profoundly affect their policy, just as it may affect cropping. 
Whether they are concerned with the lot of the petty cultivators may be open to 
question. If they are, then some at least of the increased activity now foreshadowed 
should be directed towards the problem of finding efficient employment of the family 
labour on these millions of tiny plots, a problem which is largely bound up \^ith 
the diet of the people* 
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The argument can be summed up somewhat as follows : of the total cultivated 
area of British India, about 84 per cent, is devoted to food crops, about 75 per 
cent, is devoted to food crops for the people of the country, ten per cent, being 
exported ; about 60 per cent, is devoted to feeding the people of the village where 
the crops are grown, the rest going to the towns. The problem has a twofold aspect ; 
first to grow the food of the people on a smaller area so as to release a larger area 
whereon to grow money crops, and secondly to discover such food crops as the 
people will consume and as will respond to intensive cultivation, so that the family 
may be more fully occupied on the tiny holding with profit to themselves. In 
brief, it is extremely important to devise a scheme whereby the cultivators will 
be able to use their present leisure in the profitable cultivation of their holdings. 
It is doubtful whether any scheme could be evolved to occuj)y all the juesent leisure, 
so that the need for subsidiary industries will remain, but this is outside the scope 
of the present paper. 



ON THE USE OF MANUKE AS FUEL. 
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M. MUKAND LAL, L.Ag, B.Sc. (Agri.), 

Jiesearch Assistant, Agricultural College, Lyallpur. 

The practice of converting dung in dung cakes for fuel purf)08e6 is very conjnion 
in the Punjab and probably throughout India, and very little attention has been paid 
to the enormous manurial loss to the country which is incurred thereby. 

Whereas in intensively cultivated countries of Europe, a large expenditure on 
artificial manures is necessary to obtain the inaxinnim return from u])-to-date 
scientific agriculture, the soils of India have not reached such a condition as would 
co)U])el serious attention to the (piestion of their deterioration, nor has attention 
been focussed to any degree on tin* practical benefits which would accrue to the soil, 
the zemindar and tln^ community in general if all the manure wliich is 1 mint c ould be 
}q)])lied to the soil, thus increasing both its iiiamirial content ’’ and its general 
‘‘ condition ” owing to the great physical’^ value of manure. It is ])roposed in 
this article to trace the causes which involve this heavy loss every year, and to 
present some statistical information, both from theoretical and practical ] joints of 
view, which will show that the practice of burning farmyard manure is uneconomic 
and destructive. 

The following appear to be some of the chief causes responsible for the loss 
incurred by the practice of burning manure. 

( 1 ) Want of a readily available substitute for dung cakes which can be used for 
fuel purposes. 

The wasteful economy of burning manure as fuel is recognized by good farmers, 
but its discontinuance obviously depends on the facilities for obtaining a cheap fuel 
in sufficient quantities. 

The question of the supply of cheap fuel to the zemindars has not so far, however, 
been seriously considered either by the zemindars themselves or by Government, 
and from the data presented herein showing the loss involved, it is evident that the 
material which represents such a large amount of cajiital sliould be most carefully 
conserved, and the problem of supplying an adequate fuel sujqily is one which should 
be most seriously considered in ail future schemes of colonization. The supply of 

( U6 ) • 
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wood for fuel, therefore, constitutes one of the important factors to be taken account 
of, in indirectly maintaining the fertility of the soil and the prosperity of agriculture. 



Fio. 1. Heaps of duag cakes in a village in the Lyallpur Colony. 

(2) The careless manner in which manure is collected and stored, results in a 
manure of poor quality, which is partly responsible for the zemindar not getting the 
full benefits which he would otherwise do by using a good manure obtaiiKjd by jirojier 
storing. The manure heaj)s are generally exposed and are unprotected with the 
result that the most valuable constituents are lost. 

It is not the object of this paper to deal at any lengtli with the methods for the 
proper collection and preservation of farmyard manure, but a glance at Table I 

Table I. 


Whe/it experiment, Rothimsted, 10 tons {per acre) of stored manure applied. 



0.>utrol 

1 

2 

3 

4 

(-rop yield, total produce, lb. per acre 

4,048 

5,702 

5,649 

5,804 

5,185 

percentage increase 


17 

14 

9 

6 

Uist«)ry of manure, bullock dung 
stored for 0 months. 


Coinpat-t under 
cover. 

Loose uiirier 
w) ver. 

Ckjmpact in 
tl»e open. 

IvKimt In tl»c 
open. 

Percentage composition of manure — 
Dry matter ..... 


21-4 

200 

10-5 

24-5 

Total nitrogen .... 


0-623 

0-674 

0-474 

0-580 

Mltrogen as^ .... 


0040 

0*015 

0*007 

0 012 

Nitrogen as amide .... 


! 0*044 

0-0.58 

0-030 

0061 

Nitrogen as other compounds . 

” 

0*430 

1 

0-601 

1 0-428 

0-617 


which shows results obtained by Russell and Richards^ by the use of manure pre* 
pared in different ways, will reveal the fact that the best yield is obtained by heaps 


' Russell, E. J., and Richards, K. H. The changes taking plaoe during the atenrage of farmyard 
manure. Jtjfwr, Agri, Sc,^ VIII, pp. 495-563. 
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which are compact and are under cover. Whereas the ordinary farmyard manure 
gave a yield 5 per cent, greater than the control the stored manure gave as much as 
17 per cent, above control. 

The results of seven years’ trials at the Burdwan farm ^ on potatoes showed ati 
average yield per acre of 9,789 lb. with G(K) mds. of farmyard manure stored at the 
farm by improved methods, against a yield of 8,490 lb. with a similar quantity of 
manure purchased from the ryots* Also experiments carried on by the Central 
Provinces Department of Agriculture showed that ordinary village manure contained 
on an average 0*46 per cent, of nitrogen, while cattle manure pro})erly stored on 
Government farms in the province contained 0-68 ])er cent.* 

(3) On account of new irrigation jirojects which have lx en, and are being takeh 
up in the Punjab, huge areas of fertih* lands are being brought under cultivation, 
and many agriculturists have moved from old trac ts towards tlie colonies and ate 
able to handle bigger areas than they formerly used to, with larger profits. 

This is perhaps partly responsible for the lack of attention (ncH essity not yet 
being fcdt) to intensive farming whe:rethemx‘d for quick acting manures is felt. Tin :e 
will come when no new lands rcmiain to be settled, and witli an increasing demand 
for a greater siipjily of foodstuffs, a more intensive farming will l)ecome necessaiy. 
It would be unwise* however to igne^rt* the cjiiestion of pn scTving all the mamirial 
material we c*an for the soil till these times coined and attent ion should b(‘ focaissed 
now on rea])ing larger profits frcmi thc^ land by scuious uttt*ntion to the manure 
problem. 

(4) Minor causes such as inhcirent carelessness on the ]>art of the zemindars in 
im])roving upon their old methods and a lack of pro])er education and training in 
the practi(‘,e of agriculture; arc; by no means h‘ss important. 

In the following jiaragraphs an effort has bcH;n made to calculate the loss to the 
]»rovinee due to the burning of dung as fuel. 

In Table II are presented the; analysis of an av(*rage sauqde of dung cake.'<, and 
aveuage figures for the analysis of farmyard manure*. 

Table II. 


Analyses of flung coles and farmyard rnannre. 



Avemiie analv.sifi 
of fannyaid 
mniMirt 

A\erape pa m pie 
of diinjf eakea 

M(Usture . . . . 







cm) 

3 -(18 

Auh . . , , . 




, 


, 

25-2 

41-38 

Total nitrogen 


. 



, 

• 

0-50 

0-81 

Potash as K ^O . 





• 

• 

0ft7 


Phosphoric acid as PjOs 

• 

• 


• 

• 

• 

0-28 

0-485 


' The. Indian Agfi„ XXfX, p. 318. 

* CloijfiU^n, D. AfanurCH in their relation to and crop production in the Central Provinces. Agt%, 
Jonr. India, XIV, pp. lOl-lUO. 

K 







AGBICULTURAL JOURNAL OJ iNDU 


[XXt, U. 


ii8 


In Table III the prices of the manurial constituents in dung cakes and farmyard 
manure are calculated on the basis of the current prices of artificial manures. 


Table III. 


Manures 

Pbioics of manubbs 

Price per lb. of 
manurial ingre- 
dient 

Analyses 

Price per ton 



Rs. 


Sodium nitrate 

15% nitrogen . 

245 

11*7 annas per 
lb. of nitrogen. 

Superphosj^hate ..... 

18% 1>A 

100 

4 amias per lb. of 

PA- 

Potassium sulphate ..... 

25% K,0 

200 

6 annas per lb. of 
KaO. 


One ton of dung cakes contains 

Rfl. A. p. 

18*14 lb. of nitrogen .......... 13 4 0 

10*80 lb. of PaOs li 11 0 

20*83 lb. of KaO 7 13 0 


Total . 23 12 0 


and 


K«. A. 1*. 

8 3 0 
1 U 0 

r> 10 0 
Total . 15 0 0 

It will be seen that a ton of cakes calculated on this basis should have a value of 
Rs. 23-12, while farmyard manure should be valued at over Rs. 15-6 a ton. In 
actual practice, however, in the village farmyard manure never sells for more than 
Re. 1 per ton, whereas dung cakes fetch a price of Rs. 6 to Rs. 7 per ton in villages 
and from Rs. 8 to Rs. 9 per ton in to>\TiH for fuel purposes. 

These figures do not take into consideration the particular value of manure 
(apart from manurial ingredients) as represented by the humus content or organic 
material which is so valuable in both improving the physical texture of the soil, and 
in liberating organic acids which in turn render more plant food available. 

Some idea of the value of this humus may be obtained by reference to Table 
IV (Table Xll of Bulletin 149 (published by the writers) of the Fusa Institute). It 


One ton of farmyard manure contains 

11*2 lb of iiitrugun ........ 

6-27 lb. of 

16 lb. of K^O 







Showing the economics of the trials on irrigated tracts at Lyallpur where green manure is carted from elsewhere. 



rr at of digizine in tlie green manure i^r acre, crop E». 40, cartage Es. 3, plooghing in Es. 5, cutting Ha. 4j mliceUancons Es. 2,total Ea. 54 pet acre. 
Aviieat grain selling at Es. G per inauud straw sell'ug at As. 12 jier inauna. 
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is supposed that the increase of yield is almost entirely due to the beneficial action 
of the organic matter contained in the green manure. 

In all, 2,880 maunds of green guar (Cyamopsis psoralioides) were ploughed in 
these plots. This represents 518*4 maunds of dry guar containing 11*45 per cent, 
of ash, or in other words the 2,880 maunds of green guar contain 459 maimds ot 
organic matter. 

The total gain due to the addition of the guar was equal to Rs. 195, and hence 
one maund of organic matter was responsible for producing such increase of yield 
as is represented by annas six pies nine. 

Now one ton of dung cakes contains 15-4 inds. of organic matter, and calculating 
theoretically on a similar basis, this will have a value as represented by an increased 
production of Rs. 6-8. 

Hence adding the value of the manurial ingredients as such, together with the 
increased yield produced by virtue* of the organic matter contained, the actual value 
of one ton of dung cakes thus theoretically calculated should be Rs. 30~4. 

Assuming that in the process of burning dung cakes practically the whole of the 
nitrogen is lost^ and say half the ])hosphoric acid is not immediately available on 
account of fusion, the net loss per ton works out at Rs. 21-2. It will be contended 
that comparisons are being made between dung cakes where the manurial constituents 
are not in the available form and the most (juick acting artificial manures, and this 
is admitted, but it is assumed tliat the dung cakes will be aj»plied in the form of 
well-rotten farmyard manure which for rapidity of action compares favourably 
with artificial manures. 

These calculations may appear to the reader to be too theoretical, but the values 
are based on concr(‘te facts and analytical results, and it is perhaps justifiable to 
represent these facts on a monetary basis, and there would appear to be no logical 
reason wby the value of farmyard manure should not so l)e calculated. 

A method is given below by which prices can be calculated in a more practical 
manner. 

By referring to experiments ^ conducted by the Professor of Agriculture in Square 
27, Manurial Block, at tlie Lyallpur Agricultural Ex])erimental Station, we note the 
various increases in crop yields due to the addition of 5 tons farmyard manure per 
acre over controls. For convenience a summary of these statements is given in 
Table V, and the average increase in the case of each crop is represented graphically 


’ Clouflton, 1). Mamiros in their relalioii to mojIh and crop i>roduel iori in CV ntral Proviiitfca. Agri, 
Jour. In ltd, XI V. p. 102. 

* An ual fiJxp rime t H cor I (JJeparim nl of AgricuHur , l*Uij(ih), for the ;j’ear t tiding 30th 
Jun(^, U)19, |)p II uml 12; 1920, pp. 20 and 30 ; 1921, p. 94; 1922, pp. 149 and 1 80 ; and 1923, 

Vul. II, {>. (>7 
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in Fig. 2. This table indicates that during three rounds of the rotation 80 tons 
of farmyard manure were used costing Rs. 46, and the net value of the increased yields 
due to the application of this manure was Rs. 260, showing a net profit of Rs. 206. 



Fia. 2. Diagram showing cost of farmyard manure and value of inerraaed crops over controls. 

If 20 per cent, profit is allowed on the money spent for the purchase of farmyard 
manure, the price of farmyard manure should be Rs. G-15 or, say, Rs. 7 per ton. 

Two other factors however have to be considered. 

(а) No account has been taken in these calculations of the continued reaidiial 
effect of the manure, which effect would continue to produce an increased yield ; 
and 

(б) five tons farmyard manure per acre is perhaps not the optimum quantity to 
apply, a greater application might produce a still greater excess yield over control, 
when the figure of Rs. 7 per ton already calculated would be higher still. 

From data given below it can be calculated that each ton of dung cake if utUized 
as farmyard manure in the beginning would have represented 2*6 tons of manure, 
owing to the cakes containing proportionally less moisture. 

Therefore, a ton of dung cakes, calculating on the above basis, represents a loss 
of Rs. 17-8. 

From enquiries made it has been found that on an average 60 per cent, of the dung 
produced in villages is converted into dung cakes by the zemindars, except of coursf 
in places ^here wood is abundant and cheap. 
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According to the quinquennial census of cattle taken in 1922 , there are the 
following numbers of cattle in the Punjab : — 

Bulla 12,4f>g 

Bullocks 4,1 38,4110 

Cows 2,740,925 

Buffaloes (male) 441,743 

Buffaloes (Female) 2,041,249 

Total . 9,974,875 

There are also 6,120,420 young siwk, anO if we aagume that four young 

animals iirodiice the same quantity of dung as one advlt, we have to add 1.280, U>r> 

making a grand total of . 11,254,980 


In the Kangra, Simla, and half of the Rawalpindi Districts, fuel is both cluap and 
abundant and most of the dung is returned to tlic soil. Tlicrcfore deducting the 
number of cattle of these districts, viz., 624,453, from the total, we get a final total of 
10,630,527 to be considered. On an average it is estimated that an adult animal 
produces 30 lb. of fresh dung daily, giving a total daily jircduetion of 142,373 tons. 
If §rd of this is delivered in the stall, say 94,916 tons, and 50 per cent, of this is con- 
verted into dung cakes, the cakes represent 47,458 tons. i\s farmyaid mamiie 
contains about 60 per cent, moisture and fresh dung about 75 per cent., 47,458 tons 
of dung would produce 29,661 tons of farmyard manure, or a yearly production of 
1 0,826,900 tons representing about 1*5 crores of ru])ees at the market rate of Rs. 1-8 
per ton, or about Rs. 7*6 crones if w'c calculate according to the data in Table V, , 
and a still greater figure if we base our calculations on the manurial values as re- 
presented by chemical analysis. 

It is universally recognized that no artificial manure or a combination of several 
has succeeded in keeping up the fertility of the soil so well as farmyard manure. 
This is mainly because, in using artificial manures, sup])ly the end products to 
the ))lant instead of waiting for them to be liberated gradually by natural decern- 
position. Farmyard manure and also the plant residues (which are essentially the 
same thing) decompose in the soil, giving rise to many substances of different types. 
In fact, we do not by any means know the whole ot the processes whereby plant 
food is made. But there are certain intermediate products, and it is quite 
possible that some of these may have special effect on the growing ])lant, somewhat 
comparable with that of the vitamins of plant physiologists. It will be intorcstirg 
to mention here for the information of those who are interested in the prosperity 
of the Indian farmer that people in more advanced countries practising a more 
intensive cultivation, having fully realized the benefits of farmyard manure, have 
begun researches on the manufacture of artificial farmyard manure, without the 
sgoncy of live-stock.' 


» {ni. Bev. of Set. and Prac. of N. S,. Vol. U. No, 1. 
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Conclusion. 

Three methods of calculating the loss to the province of the Punjab through 
the practice of burning dung have been investigated : 

(1) Based on the actual market value of farmyard manure showing a loss of 

1*6 crores. 

(2) Based on the value of the manure at Es. 7 a ton calculated from the in- 

creased yield over controls, allowing for a 20 per cent, interest, also 
showing a loss of about 8 crores. 

(3) Based on manorial values as represented by chemical analysis. 

Even considering (1) alone, the picture drawn is sufficiently convincing to indi- 
cate that every endeavour should be made to tackle the problem of the conservation 
of this valuable plant food for the future. 



CAUSES OF INFERTILITY IN SOILS IN RELATION TO 
BACTERIAL ACTION.* 

BY 

C. M. HUTCHINSON, C.l.E., B.A., 

Imperial Ayricultural Bacteriologist. 

Infkrtility as a negative term suggests the absence of elements required for 
fertility ; it is necessary, however, to realize that infertility may result from the 
presence of substances or conditions inimical to the growth of ])lant8. 

The causes of infertility in soils may, therefore, be divided into two main groups 
or classes ; — 

(1) Those associated with the absence of substances or conditions necessury 

for fertility. 

(2) Those de])ending for their action upon the presence of deleterious sub- 

stances or conditions liable to interfere with the growth of plants. 

To the layman an infertile soil suggests either a desert tract entirely bare of 
vegetation, or jjorhaps an area at one time under cultivation but now abandoned 
because of its infertility. The agriculturist, however, has a much higher standard 
of fertility in mind ; to him an infertile soil is one wliicli it does not pay to cultivate 
or at the best is of sucli jioor quality or condition that nothing but necessity would 
make him spend his time and labour in doing so. To this latter class belongs a large 
pro[)ortion of the arable lands noNV under cultivation ; these have come down from 
their original condition of high fertility as virgin soils to their present state of com- 
parative infertility as a direct result of the artificial conditions of jilant growth to 
which they have been subjected during years of cro}> cultivation. It is with this 
class of soils requiring highly expert treatment and knowledge' that we are mainly 
concerned, those in w^hich the degree of fertility is so low that relatively small causes, 
or infertility factors, may at any moment reduce their yield below’ the point at 
which it ceases to pay to cultivate them. It is therefore ol prime importance for 
the agriculturist to be well acquainted with the various and numerous causes of 
infertility which may reduce the condition of his soil and the amount of his crop 
below the paying minimum. 

One of the most common and w^ell understood causes of infertility is the lack of 
a sufficient supply of those ingredients in the soil which are necessary for fertility. 
It is impracticable here to deal with these except to point out that an insufficiency 

^ l^ture delivered to the Puea Soioniifio Association on ^2nd I)ece]nbor, 19^, 
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of plant foods not only affects the growth of crops directly but also indirectly by 
limiting the activities of those bacteria upon which fertility depends. This is more 
especially the case with reference to the supply of humus, for reasons to be dealt 
with later. 

Water supply of course is a vital factor and must be taken account of both from 
the point of view of deficiency and of excess ; this implies management of the soil 
in such a way as to avoid both deficiency or excess of water, the latter with its con- 
comitant result of lack of air being especially conducive to infertility by reason of 
its effect on bacterial activities in the soil. 

On the other hand, infertility may result from the presence of harmful substances 
in the soil such as excess of organic acids or of alkali salts and in some cases of neu- 
tral salts including chlorides, sulphates and nitrates. With these causes of infer- 
tility we are not for the moment concerned, but others more generally distributed 
exist which are of great importance although perhaps not fully recognized as such. 
Under certain conditions toxic bodies are produced in soils and their influence upon 
fertility depends largely upon the quantities in which they are present. General- 
ly speaking, their production depends upon the existence of anaerobic conditions 
due to waterlogging and is the result of bacterial action of the class associated with 
this condition. In order to understand not only how such bacterial action takes 
place but to arrive at an adequate conception of its im])ortance as a factor in soil 
infertility, it is necessary to know sometbing about that class of soil organisms know n 
as anaerobic bacteria. There is no definite dividing line between aerobes and ana- 
erobes, that is between such bacteria as require oxygen and those that do not ; 
there is an intermediate class the members of which can tolerate varying degrees 
of aeration or the reverse and even those species which are apparently obligate 
anaerobes can function in presence of small amounts of oxygen, especially in con- 
junction with certain aerobic species whose activities reduce the oxygen tension in 
the soil water. The fact that it is necessary to bear in mind is that soil conditions, 
so far as anaerobism or the reverse is concerned, determine whether anaerobic or 
aerobic bacteria shall predominate in such soils with results w^hich will vary in 
accordance with the characteristic differences of their action. 

Anaerobic bacteria and anaerobic fermentations are generally associated with 
unhealthy conditions of one kind or another ; thus putrefaction as opposed to de- 
cay is produced mainly by anaerobes, which are also responsible for most septic 
conditions and incidentally for tetanus. 

Anaerobic bacteria in soils produce infertility in several ways : — 

(1) By the production of colloidal bodies resulting from decomposition of 
organic matter, plant residues, roots and stubble, dead leaves, green 
inanureB, oilcakes and cattle manure. These colloidal bodies take 
the form of bacterial waxes or slimes which coat the surfaces of the 
soil particles and tend to block up the pores of the soil, thus interfer- 
ing with aeration and drainage. It is of interest to note that th? 



INFERTILITY IN SOILS 


127 


coating of the Boil particles both organic and inorganic with bacterial 
wax has the effect of protecting them from fnither bacterial action, 
thus reducing the rate and amount of bucIi important proecBBCB as 
nitrification of organic matter and solubilization of mineral phosphates. 
The fertilizing action of such partial sterilizing agents as toluene 
can be partly attributed to their solvent action upon this coating, 
exposing fresh surfaces to bacterial action ; a similar result is pro- 
duced l)y the mechanical rubbing and grinding action of cultivation 
processes such as ploughing and harrowing, and also by the aeration 
and desiccation resulting from the latter which tends to destroy the 
colloidal condition of the bactciial slimes. It is important to realize 
that anaerobism in soils tends to increase by reason of the fact that 
the anaerobic classes of bacteria, whose growth and preponderance re- 
sults from the prevalence of this condition, are themselves capable 
of contributing to and increasing it by the production of colloids ; 
thus the vicious circle is completed and this tendency becomes of 
gnmt practical imj)ortance. 

(2) By the production of toxic bodies which reduee fertility either (a) 
directly as plant j)oi8ons, or (b) indirectly by their interference wuth 
nitrification. 

The first case involves exceptional conditions such as W'aterlogging, or a soil of 
naturally high non-porosity such as a heavy clay. 

Waterlogging in the ])resence of organic matter results in the production not 
only of colloids but of plant ])oisoiis by anaerobic bacteria. The presence and action 
of such poisons can lie demonstrated by w'atering plants with extracts of anaero- 
bically incubated soils, apart from the w’ell known elTects of attempting to grow’ 
plants in soils in whicli drainage has Ixmui interfered with or in which anaerobic 
fermentation of organic matter has been carried out to excess. 

The maize plant affords an interesting case of natural })rovi8ion against poison- 
ing by organic toxins resulting from soil anaerobism ; the secondary aerial root 
system commonly found in this plant is a provision against the absorption of toxins 
resulting from anaerobic conditions due to excess of moisture in the subsoil, which 
the plant is able to avoid by putting out secondary roots into the siirface soil at 
that period of its growth when flooding of the soil is liable to occur. 

Intoxication of the seedling maize ])lant is also liable to occur in wet soils as a 
consequence of bacterial invasion of the seed whilst the latter is still attached to 
and is providing nutriment to the young plant. This form of damage is probably 
duo to mechanical injury to the seed-coat generally as a result of insect attack. 

A special case ot anaerobism is that produced by the growi:h of grasses, the closely 
interwoven roots and stoloniferous stems forming a sod or layer not only rela- 
tively impervious but giving rise to extra quantities of COg in the surface soil by 
jiheir decay. There is reason to believe that under certain conditions es|)ecially ip 
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wet seasons, toxins are formed as a result of the decay of parts of this growth ; this 
result may be noticed where cut grass from the mower is allowed to lie during wet 
weather on the surface of turf, which is completely killed by this treatment and 
may not recover for months afterwards. In addition, the imrtially anaerobic con- 
ditions induced in the soil interfere with nitrification and consequently reduce fer- 
tility ; this effect may be observed and measured and is probably responsible for 
the very marked and well known inliibitory action of grass upon the growth of trees. 

Indirect action of toxins on fertility. 

Nitrifying bacteria are known to be highly susceptible to the action of toxins 
of various kinds. Soil sterilized by heat is not only lacking in nitrifying organisms 
but when these are reintroduced by inoculation their normal action is inhibited by 
toxic bodies produced by the action of heat upon the organic matter present. Simi- 
larly anaerobic incubation of soil results in the production of toxins having an in- 
hibitory effect upon nitrification, and in addition cases have been observed where 
anaerobic conditions in a soil have resulted in the multiplication of specific bacteria, 
capable of inhibiting nitrification by the toxic action upon the nitrifiers of the bye- 
products of their metabolism. This action is most pronounced in presence of 
organic matter, which will fail to nitrify in a soil under reduced air supply, where- 
as the same soil under similar conditions of aeration will nitrify ammonium sulphate. 
That this inhibition of nitrification is due to the production of toxincf ’‘oin the organic 
matter is shown by the fact that nitrification does iK^t immediately take place in 
a soil treated in this manner when comjdete aeration is j>rovided subsequently, 
but only commences after a ])eriod of time (some ten to fourteen days) sufficient 
to allow of destruction by oxidation of the toxins tliUH formed. 

In this case therefore we have an instance of infertility caused by biterference 
with nitrification and resulting from the action of toxins not present )n sufficient 
amount to produce directly harmful action on plants. The importance of recog- 
nizing this source of infertility lies in the frequem^y of the occurrence ot the condi- 
tions giving risfi to it. Any condition of the soil causing any degree of anaerobism 
will encourage the growth of those classes of bacteria responsible for the effects 
described above ; such conditions may arise from improper soil management, such 
as ploughing when too wet, or from physical properties of the soil itself rendering 
it peculiarly liable to this source of infertility. 


Relation of the above facts to agricultural operations. 

Agricultural operations consist mainly of : — 

(1) Cultivation, i.e., stirring the soil. 

(2) Irrigation or drainage, i.e., controlling the water supply and with it the 

air content 
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(3) Manurioig— the addition of plant food in a suitable form. 

(4) Selection of suitable crops and of improved varieties to make the most 

of natural fertility or to miuimi2e the effects of natural infertility. 

CuUimtion. The principal function of cultivation is to regulate the water sup- 
ply of the soil and promote formation of available, i.c., soluble plant food, especial- 
ly nitrates. Nitrification depends upon a suitable balance betwe(‘n air and water 
supply and upon removal or oxidation of certain byeproducts of bacterial meta- 
bolism ; if this is not provided for, either nitrification does not proceed at a suffi- 
cient rate or the reverse action, i .c., reduction of nitrates by bacterial action ot curs, 
the bacterial balance being then against the accumulation of nitrates sufficient for 
fertility. Therefore the o])erationH of ploughing, harrowing, rolling and inter- 
cultivation must be carried out with a view to maintaining in the soil such condi- 
tions of water sujiply and aeration as will promote nitrification at that time of year 
when the growing cro]) is ready to absorb it. Hot weather cultivation has other 
functions besides that of killing out weeds ; this o])eration has a very decided action 
in lowering the percentagt* of anaerobic bacteria, destroying many of the d(>Jeteri- 
ous byeprodiicts of their growth, including some colloids, by oxidation and desicca- 
tion, and probably strongly discouraging certain infective and pathogenic orga- 
nisms such as Ps. tritici and Bact. sdanaceamm. Ploughing wet has an ex- 
tremely bad effect on many soils ; the result is infertility d\u* mainly to destruction 
of the mechanical condition or tilth, this is brought about largely by the operation 
of a moat important factor in soil jdiysics, namely the film of air whic li coats and 
closely clings to the soil particles and is only disjdaced with difficulty ; this air film 
plays an important part not only in the biological activities of the soil, but in main- 
taining its physical condition, and exercises a vital influence in preventing waler- 
logging of the soil particles. Ploughing the soil wlien it is dry, by breaking u]) the 
particles increases the area of th<*ir surfaces and with it tlie content of the air h(‘ld 
in the form of the air film upon these surfaces. Ploiigliing when wet, however, 
abrades the air film and rubs it off, replacing it with water, removing the ]>ernmnent 
air supply and bringing the soil particles into close and adhesive contact. The 
puddling of clay such as is effected in a pug mill de])ends upon this action. 

Apart from the deleterious influence of compaction upon tin* biological processes 
of soil, especially nitrification, it must be remembered that ]>lant roots have to 
penetrate soil by sheer mechanic al ])rcssure and that many cro] s fail to do tliis in 
soils or subsoils whose texture is so close as to present mechanical resistance^ too 
great for easy penetration ; the “ pan ” liable to occur in arable soils at the lower 
limit of cultivation is a familiar instance of this condition. 

Drainage. The principal object of drainage is to prevent the formation or 
persistence of anaerobic conditions in the soil ; it is unnecessary to repeat the 
reasons for considering anaerobism fatal to fertility, but it may be pointc d out that 
in a soil of average texture and fertility not only may the whole existing su])ply of 
nitrates be destroyed in a few days time by the existence during that period of 
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anaerobism due to waterlogging, but conditions may be set up which will seriously 
interfere with the process of nitrification after removal of the excess of water* 

Irrigation, Where irrigation is the standard method of water supply for the 
crops, knowledge of the infertility factors above described is of even greater im- 
portance than in unirrigated areas. Control of the water content of the soil not 
only places in the hands of the cultivator the power of supplying the water require- 
ments of his crop, but makes it essential that he should possess all the information 
available as to the relation between soil moisture and the numerous and complicated 
biological processes making for fertility or the reverse, and dependent on appro- 
2)riate or mistaken use of this control. As the writer i)ointed out in a paper in the 
“Agricultural Journal of India”^, there is great need for research and investigation 
into the water requirements of soils under irrigation ; such enquiries could only be 
effectively carried out in irrigation areas and must give due weight to thebiolo- 
gical factor. It is probable that the highly important problem of natural 
fixation of nitrogen in Indian soils is more likely to be solved by study of irrigated 
than of unirrigated soils, and the results of the ai^plication of the solution will most 
probably be more readily attained in the former. 

Manuring, The practice of manuring is a recognition of the depletion of soil 
fertility by the artificial cultivation of crops. It is of course impossible here to 
deal with this large subject in any way except to mention one or two points in con- 
nection with the relationship between the use of manures and the action of soil 
bacteria. We may consider as examples the supply of available nitrogen and 
phosphates as of practical interest and importance. 

Nitrogen, Reference has already been made to the conditions, both favour- 
able and the reverse, which occur in soil and which influence the conversion of 
unavailable organic nitrogenous food into nitrates. It has been pointed out that 
suitable conditions so far as air and w^ater 8up2)ly in the soil are concerned must 
be provided by ai)propriate cultivation ; it is also nectssary to know something 
about the capacity of 2}articular soils to deal with the souices of nitrogen in question, 
i.c., whether the soil of an area under manurial treatment is capable of nitrifying 
the material available for this puq)08e. This introduces the interesting fact that 
instances have been found of soils in which not only does nitrification not occur, 
but examination has shown that nitrifying organisms are absent altogether. Al- 
though such soils are in most cases of a low grade of fertility and wall carry only 
certain crops, in other instances such as some tea soils, the crop flourishes and 
responds to ordinary manurial apidications in such a way as to suggest that nitrate 
nitrogen is not necessary to its growth or well-being. This of course is also the case 
with rice under swamp conditions, to which crop nitrates are apparently not only 
unnecessary but actually harmful, except in the seedling and in the latest stages 
of growth. In certain soils from the neighbourhood of Ranchi containing no nitri- 
fiers I have found it possible to induce nitrification by artificial inoculation with 


^Agru J<mr, India, XX, 4, p. 270. 
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nitrifying bacteria, but this improvement would probably not be a permanent one 
unless intensive cultivation and applications of lime were maintained over consider- 
able periods. 

Another consideration arises in connection with the nitrification of organic 
manures, this being the suitability of the latter for the process. Observation of 
the nitrification rate of various nitrogenous materials shows a wide variation in their 
suitability as evidenced by this rate ; rmhua cake for example only nitrifies in soil 
after prolonged periods of time, probably owing to its content of saponin. In 
practice, it is important not only to keep this in mind, but to be aware of the fact 
that nitrification is inhibited both by unsuitable soil conditions and by the applica- 
tion of excessive amounts of organic nitrogenous material. Other inii)ortant lactore 
come into operation in this connection and must be taken into account, but time 
forbids reference to them except to mention the possibility of loss of nitrogen as 
nitrate under conditions wliere the nitrification rate is so high as to lead to removal 
of nitrate by leaching by rain water passing through the soil. For this reason it 
is frequently advisable to apply dressings of cake in separate doses during the 
growing season of the crop, in place of all at one time. 

Phosphates. The availability of phosphatic manures is intimately connected 
with bacterial action in the soils to which they are applied. Two distinct styles of 
bacterial activity are coiicenied : (1) those which tend to solubilize otherwise 
insoluble phosphates ; (2) those w'hose action results in diversion of phosphate 
from the supply originally available for the plant. 

(1) It is probable that a large proportion of the naturally available, because 
soluble, phosphate in the soil is in this condition as a result of acid reactions set 
up by bacterial activity, either by formation of organic acids or of carbon dioxide. 
It was originally considered that this action, generally associated with the decom- 
position of plant residues, such as green manures, oilcakes and cattle manure, 
resulted in the direct supjily of soluble phosphates to the crop, and might be in- 
tensified by the method of composting mineral phosphates witli organic matter. 
Experience, however, has yielded disappointing results with this method when 
utilized with the intention of obtaining supplies of soluble phos])hate8, and it has 
consequently been largely abandoned ; this in my opinion is a mistake, as the 
apparent failure of the method is due to the a])praisement of the results in terms of 
directly soluble ]>ho8phate as is the j)ractice with 8U])erj)lios]>hate, whereas so far 
as work at Pusa on this subject has gone it appears that changes in the condition 
of the original insoluble phosphate due to bacterial fermentation in the comi)ost, 
take place leaving a certain proportion in a relatively available condition in the 
form of organic phosphorus compounds, probably constituents of the bacterial 
colls themselves. Evidence exists leading to the conclusion that the Pg Orjield in 
this oombinstion can serve as plant food under soil conditions, cither directly owing 
to the death of the bacterial cells or to later changes in the soil of an indeterminate 
nature. My present opinion based on field and laboratory experimeuts is, that 
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bacterial action under suitable conditions is able to convert phospbate into organic 
combination and remove it from those influences which would otherwise tend to 
produce chemical reversion to the insoluble tricalcic condition ; this organic com* 
bination will later present a source ot phosphate food of relatively higher availability 
than the tricalcic form resulting from purely chemical reversion, or existing as such 
originally. The practical agricultural method of securing this result depends merely 
upon the provision of adequatij soil moisture and sufficient organic matter to promote 
vigorous bacterial growth and activity ; this is one of the principal functions of 
such operations as green-manuring. 

A more specialized style of solubilization of phosphates occurs in the case of 
that effected by sulphur-oxidizing bacteria. Time does not permit of anything 
more than reference to this process which J described in an article in the Agricul- 
tural Journal of India ” (January, 1924) and at the last meeting of the Board of 
Agriculture at Bangalore. It is of course an artificial method depending on the 
use of sulphur and bacterial cultures capable of ])rodiicing sulphuric acid therefrom, 
but it is of interest to note that the method is now being tried on a commercial 
scale as a source of pliosphatic manure. 

(2) With reference to that class of bacterial action resulting in removal of phos- 
phate from the root range of the growing crop it must always be remembered that 
bacteria are ])lants and as such will com])ete with the agriculturist's crop for plant 
food in the soil. We have seen that this happens in the case of nitrates and there 
is reason to believe that it is an ecpially important j>henomenon as applied to the 
supply of phosphates ; thus superjffiosphate when a])plied to a soil is partly taken 
up by the crop, partly reverted by chemical action, and partly absorbed by bac- 
teria. As we have senm above, there is reason for sup])osing that this last portion 
remains relatively available as compared with that which has imdergone chemical 
reversion, so that there is no reason for treating this form of bacterial activity as 
one likely to produce infertility in the soil. 

On the other hand practical experience shows that in our Pusa soils the combi- 
nation of green manures with su])erphosphate ])roduce8 the best results, so that 
on the whole we may consider bacterial action in the soil as a favourable influence 
so far as supplies of available phosphate are concerned, and the aim of the agricul- 
turist should therefore be to encourage such activity as much as possible. This 
can be done mainly by maintaining adequate suppli«‘B of organic matter, and the 
inclusion of the usual methods of doing so in agricultural practice forms another 
instance of a correct method based on empiricism derived from experience. 

The selection of crops and use of improved varieties is too large a subject to 
be dealt with here. One point may be referred to and that is the selection of varieties 
with special reference to the depth of root range of the plant ; here we come in direct 
contact with soil conditions involving degrees of anaerobism or the reverse, vary- 
ing in accordance with the character of the soil and its agricultural treatment. 
Knowledge of the unfavourable eflects of anaerobism such as have been described 
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above will not only serve as an additional incentive to the use of such agricultural 
operations as will tend to diminish this condition, but may lead to the use of shal- 
lower rooted varieties in situations where soil and climate may render this additional 
precaution necessary. * 

In conclusion, it may bo emphasized that so far as soil fertility is concern td, 
this condition or its opposite can never be ascribed to one simple cause alone but 
is associated with the interaction of several. It is incorrect to say, for example, 
that lack of oxygen causes infertility only because plant roots require oxygen for 
healthy growth ; we have seen that conditions in the soil producing an insufficiency 
of air tend to cause infertility through the combined operation of a number of factors, 
some positive such as the production of toxins and of colloids by anaerobic bac- 
teria, and others negative such as the failure to form nitrates for want of sufficient 
oxygen to maintain the })ro])er bacterial balance in the soil. The comx>lete investiga- 
tion of thti reactions and es{)ecially the bacterial activities underlying and ultimately 
res})onsible for the comjjlex changes and conditions in a soil, is essential and neces- 
sary for any und(ir8tanding of the ])roblem of soil fertility ; in this country 
especially, owing to the high soil temperatures which prevail during a large part of 
the year, and the correspondingly rapid bacterial changes resulting therefrom, 
any advance towards solution of this problem must depend upon adequate recogni- 
tion of th(‘ intimate connection between soil fertility and soil bacteriology. 


F 



SELECTED ARTICLES 


THE DIRECT METHOD IN THE MICROBIOLOGICAL STUDY 

OF THE SOIL * 

BY 

S. WINOGRADSKY. 

[TranskUed by Professor N. Gangulee, University of Calcutta.] 

Before taking a new step one generally feels a tendency to set up a balance 
of acquired notions, to refresh one’s memory, and to combat the illusions which, 
in spite of us, become implanted in our minds ; all this is done the better to choose 
the direction of our efforts and the programme of the work. Under the influence 
of this tendency, the idea came to me to draw a picture of the present state of our 
knowledge of the microbiology of the soil ; a very sincere picture born in the seclu- 
sion of the laboratory, without any idea of popularizing this subject by arousing 
public interest. This done, I shall endeavour to show in outline how, in my opinion, 
it would be necessary to set about making progress in a field which has already 
been for some time in an almost stationary state. 

Slow progress of the microbiology of the soil. 

More than half a century has passed since the announcement of Pasteur’s idea 
concerning the role of micro-organisms as destroyers and mineralizers of organic 
matter. The foundation-stones of an edifice of microbiology appeared to have 
been laid, but the building itself has long tarried in construction. In fact, whilst 
the bacteriology of fermentation had already acquired a considerable development 
and whilst pathological bacteriology advanced with giant strides, the bacteriology of 
the soil only marked time, having encountered, at its very commencement, bacteria, 
unknown in properties and difficult of management. A new method, termed 
elective culture, at last triumphed some 30 years ago, triumphed over obstacles, and 
since then one has learned to isolate without too great difficulty (but also none 
too easily) different soil bacteria, and to reproduce in pure culture different pro- 
cesses which have bearing upon agricultural science. Here wo have in a few words 
the resume of a long period of research and this is where we now are. 


The original apx«arcd in Chemie and Industrie, Vol. XI, Ko. 2, 1924* 
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GROUriNO BY FUNCTIONS. 

At present one cultivates in our microbiological laboratories a fairly large number 
of bacterial species, isolated by different workers from differtut natural media. 
With those, conventional nutritive media are inoculated and ieinoculated in tubes 
or flasks. They are submitted to detailed physiological experinients. As far as 
possible they have been grouped according to their functions ; for example, ferments 
of albuminous matter, producers of ammonia, ferments of that widespread amino 
body, urea, ferments of carbohydrates. 

When we can grow the latter on nitrogen-free media, they call for our 
attention as fixers of atmospheric nitrogen. There is finally the little grouj) of 
nitrifying bacteria, consisting of species widesiuead in the whole of the caith's 
crust. This group is unusual from the physiological point of view, and even 
peculiar amongst all living beings. Prototrophorous organisms, that is to say 
those capable of chemical synthesis, procuring for themselves the necessary 
energy by the oxidation of inorganic substances— ammonia, nitrite, etc.,— whose 
nutrition is purely mineral to such an exijeiit that the best foods, sugars and 
albuminous substances, only paralyse them— are bacteria truly sui gentris. In 
the sulphobacteria, the ferrobacteria and a few other small grouj^s which arc more 
rare, we see, according to some \vorkcrs, the last ty])e of a primitive physiology that 
has given w^ay to a dominant physiology w’hich takes its energy from complex 
organic substances, chiefly sugar. 

That all this is a great acquisition from the physiological point of view no one 
will deny. We owe this to pure microbiology almost without any idea of appli- 
cation. After Pasteur, the study of the new world of bacteria pushed itself to the 
fore. It w^as necessary to learn to handle bacteria to avoid confusing them ; this 
was extremely difiicuit at the beginning - to take good note of their mori>hological 
characters, and to tcvst their chemical caj^acitics. To isolate and study them in a 
state of purity was then an indispensable condition of microbiological w ork. 


ArPLIOATION TO AGRICULTURAL SCIENCE. 

In spite of the progress of microbiology, agricultural science could not fail to 
see the assistance it could derive from it. The discovery of nitrifiers and fixers oi 
nitrogen has above all been decisive on this point ol view . Then it was that one 
began to speak clearly of an agricultural microbiology. Is it a new branch of micro- 
biology with its own method specially elaborated with the idea of attacking agri 
cultural problems ? No. No new method has been devised. The elements for 
the now branch have merely been borrowed from the mass of already acquired 
knowledge. The agricultural microbiologist or he who desires to become one, 
simply places himself before the collection to search out bacteria which may be of 
interest to agricultural science. 
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He has been content to find there the ammonifiers, the production of ammonia 
being a very widespread phenomenon in the soil and much studied by agricultuxal 
chemists. He has been happy to find nitrifiers, certain that with them he has had 
to deal with quite authentic soil bacteria whose function is well hnovn. He has 
been pleased to find fixers of nitrogen at last imprisoned in tubes after more than 
half a century of resounding controversy. Without hesitation he can tdd to these 
the urea ferments which are so active in stables. 

As for the multitude of species which remain after this choice has been made, 
the functions of which show in less relief, he can with reason decide to hold them 
responsible en masse for the general phenomena, so to speak, of which the soil is 
constantly the seat. Amongst such reactions are the production of carbon-dioxide, 
decompositions, oxidations and reductions. 

Have we an agricultural microbiology ? 

With all those elements united, the new branch appears to have l)een constituted 
about fifteen years ago. It was about 1910 that there appeared from the prolific 
pen of Professor Lohnis the first works on agricultural microbiology. He published 
both of these about the same time : the Vorlesungen or “ Studies and the Bchdlvch 
der Landxvirtschaftlichen Bakteriologie or “ Treatise on Agricultural Bacteriology.'* 
The latter is a book of about a thousand Images, in which the author has con nutted 
the grave error of oxliausting all the literature that has any bearing whatsoever 
on agriculture and agricultural industries, without throwing any light on thu’.e 
ill-matched data by a competent criticism. Other works have appeared in all 
languages and continue to appeiir, thus bearing wntness to the interest which the 
public shows for these questions. 

The authors of these works have certainly the honour of having simplified for 
those interested the means for self-instruction and the way to find out how matteis 
stand. Whilst doing them justice in this respect, we cannot hide our opinion that 
agricultural microbiolog}^ as a definite science, does not yet exist ; it is still to be 
created almost in all parts, beginning with the technique. We particularly thank 
Kayser for having entitled his tw o little volumes of the agricultural encyclopiedia, 
“ Microbiology applied to the fertilization of the soil ’* and ‘‘ Microbiology applied 
to the transformation of agricultural produce.*’ In both cases there is only an 
application pure and simple of the notions acquired in pure microbiologj'. Only 
in the second of the two, which does not interest us here, has this application an 
air of confidence which it does not possess in the first. 

As a matter of fact in the ordinary dairy and in the cheese dairy, in the practice 
of steeping and of storing fodder in a silo, the microbiologist employs a medium 
better known and less complex, especially from the point of viewr of microbiology, 
than the soil. If he wishes to study the part jdayed by a type of bacteria in a 
pot of milk, in a cheese paste, in fodder or elsewhere, he has only to turn to direct 
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experiment which is the best source of information. It is the same for the jatho- 
logical biologist who does not take a step without an experiment in vko which 
alone allows him to follow directly the action of a bacterium as a morbid agent 
and the reaction of the living host. The case is entirely different when it concerns 
questions of the microbiology of the soil. 

Difficulties m the study of the mickobiolccy c;f soil. 

I need not give a list of the characteristics of this natural nudium. All that 
interests us at the present moment is that it is a living medium satujated with a 
crawling mass of microscopic creatures, of a variety defying all imagination. The 
question is how to begin to study the r 61 e of any type whatsoever in the conuis 
and recf^sses of the soil ? Being ojiaque it betrays practically no sign of bacterial 
life however abundant it may be. Difficult of microscopic study, variable 
in its composition, and poor as a culture medium compared with our standard media, 
it has very rarely been employed for the culture of bacteria and then only in the 
sterilestate. It is useless to say that in this state it is : itismerelya medium ; 

for, what characterizes the soil are its biochemical qualities, which are insej arable 
from the organisms which multijily there, or which lie dormant in tln‘ state of sj ores. 
Experiments with the dead medium do not give us what we are looking for : they 
would not be more direct than the others. As for microbiologital ex]*erinieuls 
with fn^sh earth in the natural state, these have scarcely bet n thouglit about. How 
would it be possible to follow^ the role of interesting sjx cies in so sligldly aecessil le 
a medium with such a heterogentKius j)o]>ulafcion ? And furtJier, one does not agree 
w'ith the first principle of the current method, whieli acce})ts onl^ the results ol taiiud 
from pure culture. 

The road of direct experiment appears elosed without renudy and one was 
forced to acce})t this state of things. This has b<Mm done by taeitly admitting, 
unconsciously perhaps, Oiat the role of different baeicria in the soil 'is the same as that 
which they take in pure cultures in artificial media. In other vards, one has nol hesi- 
tated to apply to natural media the results obtained in pure microbiology. This pro- 
cedure is certainly not justifiable. 

Criticism of the cuprent method. 

Difference in the canditions of life. 

There are two classes of consideration which are opposed to this manner of looking 
at things. The first is so obvious that it almost thrusts itself forward. It is certain 
that the conditions of pure culture in artificial media are not comparable with thos<‘ 
of the free natural existence of any type of bacteria whatsoever. Let us admit 
that, even in the case of bacterial species, there is an inherent tendency to react 
always in almost the same way towards substances submitted to their action. All 
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the same, it is not possible for us to conclude as to the immutability of their reactions 
to the extent of their not allowing the physico-chemical properties of the medium 
to influence them. But this is not all. There is a condition of a biological nature 
which could modify, and that very profoundly, the function of a bacterial type ; 
this is the condition of pure culture. 

We must bear in mind that, cultivated in the pure state, sheltered by the best 
conditions for life, it is artificially removed from the incessant struggle between 
the different bacterial species, the aim of which is the appropriation of the material 
sources of energy. Now this struggle, which is constantly going on in the natural 
medium, is of very great importance. Without doubt it is this which determines 
the fate of the different species, and, to a great extent, their functions also. Pro- 
tected in a culture-tube a specific type of bacteria can assume a definite r 61 e which 
it will not take in the soil. Its natural role would, in consequence, be reduced to 
something quite different from what obtains in the laboratory ; from being naturally 
inactive it could become active, or perhaps the opposite. 

Let us recall once more the variety of laboratory experiments to which bacteria 
are submitted and in which they are forced, to a certain extent, to enlarge upon 
their natural functions. The contrary must take place in the soil, where the action 
of a species is, as it w^ert?, confined to a groove, narrowly limited by the action of 
other species. By the very fact of this merciless struggle, w hich scarcely ever c eases 
in the natural medium, this action is inseparably bound to a ceitain optimum set 
of conditions, outside which it is condemned to remain insignificant or non-existent. 
That is to say, in Nature these functions must be more specialized^ more limited 
than in the laboratory* where they depend largely on the aims and aitificcs of the 
experimenter. j 


Variation in cultivated species. 

Let us pass on to another class of considerations less evident, and unfoitunately 
still less familiar to microbiologists, but none the less worthy of our full attention. 
Up to the present we have made a tacit assumption that bacteria cultured in tubes 
are identical as species, varieties or races, with their ancestors which formerly lived 
in a free state in the soil. On looking at this more closely, we find that we have 
forgotten one fact that is very common in the experience of agriculturists and 
horticulturists. This is that cultivated plants sprung from wild ancestors are 
inclined to form varieties or races so different from their prototypes that all identity 
seems to have been lost. Why should it be different with bacteria ? One cannot 
confirm this, above all when one considers that bacterial generationsJollow each 
other with such rapidity that one year of bacterial life is equivalent to one or more 
centuries in the life of any phanerogam. This being so, there are, in our laboratories, 
many rows of carefully preserved cultures which have already celebrate many 
jubilees, 
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It is difficult to reply to the question as to how long it would take a soil hac- 
terium, sheltered under the best vital conditions and overfed on our nutritive media, 
to form a new variety. At present there is no criterion to distinguish a natural 
species from a cultivated variety, but it is necessary to find one, or, at any rate, 
carefully to avoid confusing the two. 

For that matter, we have only to follow, in principle, the example of the micro- 
biologist of fermentation who distinguishes between natural and cultivated yeasts 
in order to employ the latter only in his vats. On the contrary, the soil microbio- 
logist should avoid calling in the action of cultivated varieties in order to explain 
natural phenomena. It must be remembered that culture is only the counterpart 
of horticulture and that a microbiologist can jio more gain a knowledge of the micio- 
biology of the soil in a vat of j)ure culture, than a botanist can study the flora of a 
country in a greenhouse. 

In conclusion, ive may say that one may 7iot apply ideas obtained from worlc on j)ure 
culture in conventional media directly to the microbiology of the soil. This uorh has 
enabled us to gain an insight into bacterial physiology hut it cannot, m our case, do 
7nore tium lead us to analogies a7id. hypotheses udnch rntisi be verified by direct eor'jnri- 
ments under comlitixms as nearly nahiral as possible, 

Oiir opinion, as we ])rcviou8ly stated, that the microbiology of the soil does 
not exist, now seems to be resting on firm arguments. Agriculture and the agri- 
cultural chemist wuth their soil, on the one hand, and the microbiologist wdth his 
tubes ol gelatine on the other, still watch each other from afar, with interest 
undoubtedly, but without lending each other a hand or endeavouring to unite their 
efforts. The only bond which unites them is the sample of earth which the latter 
goes to fetch from time to time — but as rarely as possible — to start off his crude 
cultures ; a very frail bond indeed, for as soon as he succeeds in obtaining the type 
of bacteria he requires, in pure culture, he has all that interests him. 

{To he continued,) 



THE NUTRITION OF CATTLE.^ 

The subject of the feeding of cattle assumes importance from the large part 
their products i)lay in human dietaries. An accurate knowledge of their meta- 
bolism and nutritive requirements, apart from its intrinsic scientific interest, may 
lead both to more economical methods of feeding and at the same time to an im- 
provement in the quality and quantity of the products, meat and milk, obtained 
from them. In this survey a brief account will be given of some recent work on 
the energy, protein and mineral requirements of these animals, with special reference 
to the production of milk in dairy cows. 

The measurement of the energy requirement resolves itself into the problem 
of estimating the heat given out by the animal, since to maintain the body in equili- 
brium a similar amount of energy must be taken in in the food. The output of 
heat can be measured directly by placing the animal in a calorimeter, or chamber 
ill which the heat emitted is measured by the amount absorbed by a current of cold 
water circulating through the chamber ; the analysis of the ingoing and outgoing 
air ah the same time will give the consumption of oxygen and output of cailrn 
dioxide during the experimental period. The method requires the use of elaboiato 
apparatus, so that in practice the indirect method of determination of the heat 
output is more frequently em 2 )loyed. In this the output of carbon dioxide and 
consumption of oxygen are determined over a short period, and from these data, 
together with the value of the respiratory quotient, i.c., the ratio of carbon dioxide 
produced to oxygen consumed, a value can be found for the heat production which 
is sufficiently accurate for most jiurposes. The respiratory quotient conveys infor- 
mation as to the types of foodstuffs which are being oxidized in the body, and this 
information is essential since the heat produced varies according to the type of 
food ituff, protein, fat or carbohydrate utilized. 

The problem of estimating the heat output in the case of cattle has been still 
further simplified by W. W. Braman {Jour, Biol. Chem,, 1924, Vol. LX, p. 79) : 
tht only data required are the output of carbon dioxide and the amount of food 
taken. In a large number of experiments he has found that the ratio heat/carbon 
dioxide is highest in starvation and falls steadily with increase in the amount of 
food eaten, the heat production increasing more slowly than the carbon dioxide 
formed. The change is due to the fact that in starvation most of the heat produced 
comes from the oxidation of fat, which has a high calorie value, whereas the foed 
is chiefly carbohydrate with a relatively low calorie value. These experiments 
enable an investigator, by estimating the carbon dioxide production and noting 
the food consumption, to determine the approximate heat output by applying 


♦ Reprinted from Nature, No, 2909 (1925), 
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the formula given by the author or by reading from the graph relating the ratio 
heat/carbon dioxide to the food consumption, which is approximately a straight 
line. The heat output thus calculated agrees closely with that actually observtd 
m a calorimeter. 

A more elaborate, but more accurate, indirect method of estimating the heat 
output of cows has been utili^.ed by J. A, Fries, W. W. Braman, and D. C. Cochiane 
(U. S, Dept. Agri. Bull. 1281, 1924). The method depends on the fact that in an 
animal which is maintaining its weight, the heat output must equal the energy 
of the food actually utilized by the body during the experimental period. Of tin* 
food taken, some is not absorbed and some is excreted in an incompletely oxidized 
form. The digestibility of the food is usually estimated by taking the difference 
between the amount eaten and the amount excreted in the faeces, but the avithois 
point out that in cattle, bacteria in the intestine play an important part in digestion. 
At the same time, one of th<i products of their fermentative action is a gas, niethaiie, 
whilst the process itself is accompanied by an output of heat. The methane pro- 
duced has been estimated in the res]>iration calorimeter, and the heat of fciment,\- 
tion from the ratio of methane to carbon dioxide in the products of fermentatiem. 
The results show that wlo^reas the digestible portion of the food apiJears to be about 
on per cent, of tliat taken by estimation by the usual method, by taking account 
of the above two factors also, only about 50 per cent, of the food consumed is actually 
absorbed and available^ for energy and heat ])roduction. The actual energy cf 
the food was determined directly l)y the bomb (!alorimeter, and thus the actual 
energy available to the body is known. Nearly all this energy is available ior 
maintenance, growth (or iucre-ase of ])rotein or fat in the body), work and the pro- 
duction of milk, about 10 ])er cent, being lost in the processes of digestion and in 
the formation and elimination of the excreta. The authors have compared tlic 
heat production calculated from the available energy of the food with that actually 
observed during the same period in the respiration calorimeter and have obtaine d 
a very good agreement. The result indicates, in their opiniom that this method 
of ‘‘ indirect calorimetry is sufficiently accurate for purposes of research in the 
feeding of farm animals.” 

Of the energy available to the body in the food, about half is required to maintain 
the body-weight constant ; the remainder can be utilized for inciease in body- 
weight or for milk production. The data show that a larger proportion of the 
energy available is found as energy in the milk than in any increase of body-weight; 
the process of milk formation appears to be more economical than that of bod} 
tissue and fat formation. The result suggests tliat the food materials are available 
directly for milk formation and do not have to become body tissue first and milk 
later. Of the available energy, 90 per cent, or more can, under certain 
conditions, be utilized in milk production. 

It is of course essential that the conditions of the experiment should be kept 
as constant as possible in different experiments. One factor which may introduce 
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a disturbing element is the relative amount of time spent by the animal in the 
standing and lying positions. This subject has been considered in more detail 
by J. A. Fries and M. Kriss (Amcr. Jour, Physiol., 1924, Vol. LXXI, p. 60). They 
found that allowance must be made for the taking up of heat by the floor on which 
the animal lies in the respiration calorimeter, this heat being afterwards given 
up when the animal stands, making the heat output of this period too high. The 
magnitude of this error can be ascertained by estimating the carbon dioxide output 
and assuming that the ratio heat/carbon dioxide is a constant. Making this 
allowance, it was found that the lieat output of a 400 kgm. cow increased by about 
25 calories per hour on stainding. The authors recommend that the heat produc- 
tion be calculated to a standard day of twelve hours lying and twelve hours 
standing, so as to obtain uniformity in the expression of the results obtained by 
different observers. 

It is of interest to note that in the later stages of gestation, a cow appears to 
require about 2 per cent, more food for maintenance than a non-pregnant animal 
of the same weight. 

The utilization of protein in milk production has been considered by J. A. Fries, 
W. W. Braman and M. Kriss, and also more recently by E. B. Forbes and E. W. 
Swift {Jour, of Dairy Science, 1924, Vol. VII, p. 11 ; and 1925, Vol. VIII, p. 16). 
The two sets of experiments agree fairly well in showing that in well-fed animals 
the utilization of protein for milk production is about 40 per cent, of that available 
for this purpose (that is, the digestible protein of the food less that required for 
maintenance). With decrease in the protein intake, how ever, the former authors 
found that a larger proportion of the available protein, up to 86 per cent., became 
available for milk production, since the nitrogen excretion falls pari passu with 
the drop in nitrogen intake, whilst the nitrogen in the milk remains almost constant. 
With a higher percentage utilization, however, the amount of milk produced tends 
to fall off, being increased again with increase in the protein intake. The optimum 
nitrogen intake was an amount of available nitrogen about 10 per cent, greater 
than the nitrogen found in the milk produced. The animals maintained their 
weight, whereas with a larger protein intake the animals gained in weight by the 
deposition of fat, together with an increased formation of body tissue. The fact 
that with low nitrogen intakes the quantity of milk produced tends to fall off in a 
cow producing a large amount daily, suggests that the level of optimum intake of 
nitrogen as regards the nitrogen of the milk is not the optimum level for the 
production of a large quantity of milk, which contains both fats and carbohy- 
drates as well as protein, and therefore that the animals should be well fed, if the 
best results as regards milk production are to be obtained. 

In addition to the proteins, fats and carbohydrates present in milk, account 
should also be taken of its vitamin and mineral content in estimating its quality. 
Ultimately these factors come from the food, in which they should therefore be 
|)re8ent, but the amounts passed into the milk may be greater than can be absorbed 
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in the food, leading to a depletion of the animal’s own Btores. This appears to 
occur especially in the case of the calcium of the milk. During liberal milk 
production on winter foodstuffs there may be a definite loss of calcium from 
the body ; on fresh foodstuffs this loss is less or may be absent (E. B. Forbes, 
Washington Government Printing Office, 1924). This effect is quite probably to 
be related to different amounts of vitamin A present in the diy and fresh green 
foodstuffs, but it seems to be clear that the cow should be encouraged to store as 
much calcium as possible in her body during her dry periods by the giving of 
calcium, for example, in the form of bonemeal, in addition to an adequate 
supply of fresh green foodstuffs. It is possible also that the addition of sodium 
phosphate to a dried ration may incTcase the milk yield aft(‘T parturition, 
suggesting that this food may be deficient not only in calcium but also in phos- 
phorus, or that the availability of these element?6 present in the food is impaired 
by a deficiency in the fat-soluble vitamin A. 

The general result of all these investigations is that a dairy cow should be fed 
on an abundance of fresli green food, containing a su])ply of protein, etc., which 
is sufficient to maintain both tlie quantity of the milk produced at a high level as 
well as its protein, mineral and vitamin content. If this be done, the supply of 
energy will certainly be adeipiate also. 



THE SIGNIFICANCE OF MILK EECORDS.* 


Not only do milk records assist the herd owner in selecting the heifer calves 
from his best milkers to be retained for coming into the herd three years hence, 
but they are also invaluable in the selection of a bull. This statement was 
made by Mr. G. H. Garrad in a paj>er on milk records at the recent conference on 
dairy cows at the Midland Agricultural College. 

Later in his paper he stated that the influence of agricultural show^s in the 
development of our milk breeds has been gradually diminishing, because as an 
indication of commercial value the agricultural show takes second place to the 
record of performance. 

The only certain test of a cow’s ability to milk, he said, is the evidence of the 
milk recording dial, and those who start kecjung milk records for the first time 
are usually astonished at the disclosures that quickly follow . With the evidence 
of the milk-record sheet, the herd owner has the necessary information on which 
he can weed out his unprofitable cows, and by raising his standard yiar by year 
and disposing of such cows as do not come u}) to that standard he is in a position 
gradually to increase the output of milk from th(‘ same number of cows. 

The existence of milk records assists the herd ow ner in selecting the heifer calves 
from his best milkers to be retained for coming into the herd three years hence. 
But milk records are also invaluable in the selection of a bull. Like begets like, and 
we know that the father and the mother exert an approximately equal influence 
on the dairy qualities of the offspring. Seeing that the bull that fathers the herd 
has some 50 sons and daughters in the course of the year, whereas the cow only 
has one or two, it follow^s that the bull is far more important than any individual 
cow. A bull that is to be useful to the dairy farmer must carry a guarantee not 
only as regards the outward appearance and the constitution of his offspring, but 
also as regards their milking ability. This is merely a matter of ancestry. 

The larger the number of good-milking anctistors that the bull can count in his 
pedigree, especially amongst his nearest relatives, the more likely he is to transmit 
these milking qualities to his daughters. 

Breeding up the herd. 

Thus the milk-recording movement will become increasingly valuable in the 
development of our dairy breeds as it becomes older and more wddely established. 
A bull’s prepotency, i.e,, his power of transmitting his character to his offspring, 
depends on the length of his pedigree, the number of generations for which he has 
been bred to a particular pattern. If he is used for mating mongrel cows that 
have never been bred to any particular pattern, his influence will be so much the 
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greater. The worse the cows, the more important it is to have a good bull, because 
the greater is the scope for improvement and the stronger is the influence of the 
bull. Breeding experiments have shown that by the use of carefully selected bulls 
it is possible to build up a high-class herd from the poorest herd of mongrel cows 
in three or four generations. 

In recent years the influence of agricultural shows in the development of our 
milk bleeds has been gradually diminishing because as an indication of commercial 
value the agricultural show' takes second place to the record of performance. Nor 
is the fact that a cow is a pedigree animal a guarantee that she is a good milker. 
At the London Dairy Show the noiDpedigree Shorthorns consistently do better in 
the milking trials than the pedigree cattle, and in most commercial dairy herds 
the mongrel iShorthorns milk better than the pedigree Shorthorns. The record of 
performance is the real test. Unfortunately a bull does not produce milk, so we 
cannot tell directly his milking ability, and we must rely on the milk records of his 
nearest female relatives, his dam, granddams and, if available, his full sisters. 

By TlfElR FRUITS.’’ 

On any dairy farm where the cattle are homebred, the external influence of 
the bull can be seen by a glance at the young stock. But “ by their fruits ye shall 
know' them,” and it is only when the heifers come into milk that the influence of 
the bull on the milk yield of the herd is apparent. Beal improvement in a held 
means that the heifers reared to maintain the stock are better milkeis than their 
dams. By comparing the milk records of a number of heifers, bred from the same 
bull, with the milk records of their mothers when they were first-calf cows a clear 
indication is given as to whether or not and to what extent that bull is improving 
the milking capacity of his herd. 

Daily recording. 

Continuing, Mr. Garrad said he was entirely in favour of daily recoiding as 
opposed to w’eekly recording. Weekly weighings are approved by the Ministry 
of Agriculture, and at the end of the year the total yield obtained by w eekly w eigh- 
ings will be within about 2 per cent, of the truth, but daily recording, once it be- 
comes a habit, entails very little trouble and is not so likely to be forgotten. Daily 
records are far more instructive, and they draw' attention at once to a cow' whose 
milk yield has dropped down a pound or two since yesterday. Inquiry is made 
at once as to the cause of it. Is she bulling ? If so, the information is valuable. 
Is she ill ? If so, the necessary treatment or isolation can often be adopted before 
the mischief has gone too far. If the milk yield of all the cows has dropped they 
may have been over-driven or wrongly fed. 

ineflfleient milking is responsible for an enormous amount of loss in the cowshed, 
and if each milker is made to put his initials when he enters the yield of each cow' 
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on the milk record sheet, and the figures for each man are added up at the end of 
a fortnight or a month, it is easy to find out which are the most efiScient milkers 
and which would be better employed elsewhere. Some herd owners organize 
competitions amongst their milkers. Each one milks each cow a certain number 
of times, and at the end of a month the man who has obtained the most milk, as 
disclosed by the milk record sheet, wins the prize. Efficient milking may easily 
make a difference of 10 per cent, in the yield and a still greater difference in the 
percentage of butter fat. Some herd owners give a bonus to the milkers at the 
end of the year for every gallon the herd average is above 700, 800, 900, or 1,000 
gallons, as the case may be, according to the milking capacity of the herd. 

How RECOEDIKG CAN HELP ? 

Milk records in themselves are valueless ; their value depends entirely on the use 
that the herd owner makes of them. They can be used in many ways directly 
or indirectly, and can have a most stimulating effect both on the owner and the 
milkers. There is rivalry between cow and cow and between one milker and another. 
An increased or decreased yield on any particular day gives rise to speculation 
and investigation as to the cause, the effect of change of feeding is watched in 
connection with the milk yield, and there is an altogether different atmosphere 
amongst the workers in the cowshed. Milk recording has a strong educational 
value, and tends to greater interest and efficiency all round on a farm where the 
millf records are kept and interpreted intelligently. 

Selling recorded stock. 

Cows sold with officially certified milk records make much higher prices in the 
market than cows sold without a record, but in his opinion it would be in the true 
interests of the milk-recording movement if, when milk-recorded stock are sold, 
some indication were given as to how the cows had been fed and managed. Three- 
times milking and forceful feeding has sometimes been adopted for the sole purpose 
of getting high milk records for sale purposes. Such practices throw milk recording 
into disrepute, and somehow or other must be stopped. There is also need of some 
uniform system of publishing milk and butterfat records. Sometimes they are 
stated for a lactation period and sometimes for a period of twelve months, some- 
times in pounds and sometimes in gallons. In England the gallon is usually taken 
as equivalent to 10 Jib., in Scotland as 10 lb., whilst in America it is only 8 Jib. 
Mr. Mackintosh, of Reading, has made a strong case in favour of the milk yield 
being always stated in terms of pounds per lactation period, the lactation period 
being stated in days, and the date given of the next calving and the number of 
days the cow was dry before the next calving. The weight of butterfat produced 
in the lactation period, if known, should bo stated in pounds, and the method of 
calculation of the weight of butterfat should bo specified. 
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MANUFACTURE OF SUGAR DIRECT FROM CANE IN INDIA. 

The number of factories making sugar direct from cane in India (iiirijig the 
season 1924-25 remained the same (211) as that in tJie seaASon 1925-24. Ten of tliese 
factories are situated in the province of Bihar and Orissa, eight in the United ITo- 
vinccs, two each in Bombay and Madras Presidencies and one in Assam. We are 
much indebted to the proprietors and managing agents for furnishing the statis- 
tics regarding the working of their factories. 

The table below shows the total amount of cane crushed and sugar made by the 
factories in (1) Bihar and Orissa, (2) United Provinces, and (5) other provinces of 
India. The production of sugar direct from cane by modern caiui factories in India 
totalled 920,505 maunds or 53,745 tons during the season 1924-25, as compared 
with 1,044,850 maunds or 58,3 1 2 tons during the previous campaign. 


Table showing (he producliioi of nfived sugar in India by modern factories snaking 
sugar direct from cane during the two seasons 1921-20 and i92o-21. 




Cane crushed 

Sugar made 



1924-25 


mm 

1929-24 

Uiiuif atul Orinsa 

United Pruvinces 

Other Proviaeea of India . 

. 

JUds. 

5,698,418 
9,2 IT), 198 
9,028,015 

Mds. 

0,798,991 

6,258,728 

1,990,917 

Mds. 

440, 90() 
292,717 
240,022 

Mds. 

609,648 

308,791 

100,617 


Total 

11,782,091 

19,994,090 

920,305 

1,044,850 


There was thus a decrease of 124,550 maunds in the amount of sugar obtained 
during the season 1924-25 as compared with 1923-24. This decrease is due to 
inadequate supplies of raw material and the higher prices of gur which induced 
ryots to prefer making gur to selling the cane to factories. Secondly, the acreage 
under cane in India was also smaller than in the previous scasonby 588,000 
acres. If we take into consideration the figure of the total production of refined 
sugar from cane during each of the last five years, it w ould be seen that the season 
1923-24 was an exceptional one in this respect and so forms an unfa vourable* basis 
for comparison with this year. 

It will, however, be interesting to note that the factories have showm a slight 
improvement in their efficiency, and it is especially noticed in case of some factori .^s 
situated in Bihar. If we take all-India figures we find that on an average 12-8 
maunds of cane were required to produce I maund of sugar in the season 1924-25, 
as compared with 13*39 and 13*28 during the two campaigns 1923-24 and 1922-23 
respectively. In this connection it may be mentioned that some of the factories in 

( 1^7 ) 
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Bihar obtained improved varieties^o^ Coimbatore canes for crushing during this 
season. These canes were first distributed by the Sugar Bureau after a thoiough 
mill trial to the growers in Bihar in February 1923. During the current season, 
these canes have been extensively taken up by both large and small growers, and 
it is anticipated that with favourable weather conditions experienced this year 
the results will be more satisfactory for the group of factories working in North 
Bihar in the season 1925-2G. 

During the season 1924-25 India’s production of molasses by modem factories 
making sugar direct from cane totalled 498,030 maunds, as compared with 622,473 
rnaunds and 348,024 maunds during the two seasons 1923-24 and 1922-23 respect- 
i vely. The decrease is due to the smaller amount of cane crushed this year and also 
improved efficiency of the factories. 

Statistics regarding the production of refined sugar by refineries in India during 
the season 1924-25 will be collected and published in due course. [Wynne Sayer.] 


A NEW USE FOR NITRATES. 

Tuerr seems to be little prospect that nitrates will be able to compete seriously 
with sulphate of ammonia for use as manures in Bihar, where saltpetre is produced 
on an extensive scale for export. This latter salt has, however, long been used to 
a small extent locally, by ])lanters, for cooling purposes ; for which it is only 
moilerately effective, owing to its relatively low solubility at ordinary temperatures 
as compared, for instance, with nitrate of soda, of which more than five times as 
much will dissolve in water at the freezing point, absorbing nearly four times as 
much heat. With nitrate of soda temperatures near the freezing point can be 
obtained using water at the ordinary temperature, even in the hottest weather. 

At high temperatures, however, saltpetre (KNOg) is far more effective because 
its solubility increases very rapidly as the temperature rises, so that at a tempera- 
ture of 160°C., and with an absolute pressure of about 36 lb.* per square inch, ap- 
proximately lb. of the salt is dissolved in a pound of water. The amount of 
heat absorbed by solution in this proportion is more than sufficient to evaporate 
th(3 whole of the water, without any further addition of heat and without any fall 
of temperature, if the pressure is removed. 

There seems to be no reason why this fact should not be turned to account 
as a means of continuously recovering the salt from a cooling mixture and 
at the same time utilizing the heat absorbed by its original solution in the follow- 
ing manner. 

A cylindrical boiler, A, as shown in the diagram on the next page, is nearly 
filled with saltpetre moistened with water introduced at D, from a tank B, through 
a pipe C U provided with a cock at E. 

* The solution of so much salt would reduce the pressure of the vaj^ur to that of pure water at 
a tomporature of about 1 26*^0. 
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The vapour above the saltpetre in A may be superheated by an electric current, 
and the steam led off by a pipe F 6 provided with a cock at 6, and, alter utilization 
for heating or other purpose, may be returned to a condenser UK situated in the 
mass of saltpetre in the boiler. After condensing the water may be allowed to 
escape into a tank L through a pipe KL of a vertical height greater than that of 
the water barometer. Thence it can be pumped back into the feed tank B. 

, j If the vapour be heated to a temperature above 

I B I g 160°C., with the cock G closed, and be allowed to 

escape through a short pipe leading direct into the 
condenser and provided with a cock at M, the mass 
of salt in the boiler will be heated from the upper 
surface downwards, and will begin to dissolve rapidly 
in the upper part of the boiler. The level of the salt, 
which must be observed by means of a gauge, can be 
maintained by dissolving saltpetre in the feed water 
in B, so as to increase the proportion of saltpere to 
water in the boiler as the temperature of the upper 
part rises. The lower portion will remain compara- 
tively cold because of the introduction of the feed 
water and consequent rapid solution of the salt. 
When the lower portion begins to warm up owing 
to the excess of heat applied to the upper portion, 
and the level of the water in the down pipe KL 
begins to fall owing to the rise of pressure in the 
condenser, the current can be switched off, the cock 
at M closed, and the steam drawn off for use, under 
control of the cock at G. 

Provided excess of steam is not consumed be- 
tween G and H, the temperature in the upper part of 
the boiler will now be maintained solely by the 
crystallization of the salt at the evaporating 
surface — the amount of salt in solution at 160°C. being, as already stated, more than 
sufficient to give out, on crystallization, the heat necessary to evaporate the water 
in which it is dissolved. 

But as no heat is now being sui)plied from outside, while heat is being used and 
wasted between G and H, the remaining heat will not be sufficient to maintain the 
temperature in the condenser, and the temperature of the lower part of the boiler 
will fall and the condensed water will ultimately emerge at a lower temperature 
than the feed water — being cooled below the temperature of the surroundings by 
the continual solution of the salt in the feed water in the lower pan of the boiler. 

If the condensed water is returned to the tank B at a temperature of less than 
10°C., the solution of the salt would reduce the lower part of the boiler below zero if 

a 
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no heat were absorbed from outside. But the mixture of the water and salt may 
be efEeoted in a series of pipes into which the saltpetre sinks by gravitation, and so 
arranged that the lower portions constitute a system for cooling an enclosed space 
while the upper portions are exposed to the air and light, with a view to warming 
the solution as much as possible before admission to the condenser. At 20° C., 

1 lb. of water will, if sufficient time be given, dissolve approximately 5 oz. of salt- 
petre, absorbing as much heat in the process as would raise the temperature of 
1 lb. of pure cold water by 26° C. ; and there should be little difficulty in raising 
the solution in the mixture to this strength at a higher temperature during the 
daytime, in India, by comparatively slow circulation through an arrangement of 
pipes such as that suggested. The amount of energy so taken from the surroundings 
would in that case be equivalent to 26 X 1,400 (—36,400) foot pounds, which would 
give a constant supply of one horsepower for every pound of water circulated per 
minute, with a margin for waste by radiation of heat and for raising the condensed 
water some 120 feet from the tank L to the tank B. 

The total amount of heat circulated in the steam would of course be very much 
greater, being that necessary to evaporate the water at the temperature and pres- 
sure postulated ; but of this total of some 500 thermal units per pound of water 
evaporated, the 26 units continuously supplied from outside — approximately 6 
per cent. — would represent the maximum of power that could be taken from the 
engine (even if no heat were lost by radiation), on the assumptions made above, 
without reducing the temperature of the evaporating surface below the point at 
which automatic working with saltpetre is possible. Though almost any engine 
could be run at a higher efficiency than this, to do so would cool the surface of the 
mixture, and put a stop to the evaporation. 

There are of course other crystals and other solvents which form cooling mixtures 
at a far lower temperature and could be used to obtain much more power from any 
given surroundings ; but, if we confine ourselves to those named, even in cold 
coxmtries where it may be necessary to use fuel to supply additional heat, the absorp- 
tion of the whole waste heat of the steam in the condenser, by the solution of salt- 
petre or nitrate of soda and its recovery within the boiler itself, instead of arranging 
to cool the condenser by a stream of water which carries away as waste 70 per cent, 
of the heat of the fuel, would increase the power obtainable from the fuel more 
than threefold. 

However, to return to India, it is unnecessary to enlarge upon the advantages 
that would accrue to the farmer from cold storage for his products in the hot 
weather and monsoon, combined with a supply of steam even at the low pressure 
suggested. Much greater cooling effect could be obtained by using nitrate of soda ; 
but automatic, working could only be secured in that case by using a very high 
pressure boiler. Otherwise it would be necessary to continue to supply a 
modicum of heat to the upper part of the boiler to supplement the inadequate 
aupply provided by crystallization from a relatively weak solution at the surface 
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of the salt. The priuoiple has therefore been illustrated by means of saltpetre 
for the sake of simplicity. 

^j^The figures, given merely for the purpose of a quantitative eatample, do not 
pretend to accuracy. In fact, the writer claims no considerable acquamtance with 
chemistry, physics or engineering ; and it is partly this that has emboldened him 
to venture where those with a scientific reputation at stake may well have feared 
to tread, lie has, however, done his best, by reference to recognized authorities, 
to satisfy himself that the suggestions made are substantially justified by facts. 
[A. C. Dobbs.] 


THE BEST HELD METHOD FOR SOWING COTTON. 

Tflii: note by Mi*. Sawhney^ in the January 1926 issue of this Review has reminded 
me of my own experiences in collaboration with Mr. F. S. Holton in 1912-13, when 
we broke some records for rate of seed propagation. No detailed account of our 
technique has been published, but it may be summarized thus : We produced as 
many seeds as we could from each plant (by wide spacing), and then raised as many 
single plants as we could from the available seed, by “ sand sowing.” 

The present note deals with this sand-sowing technique, the effects of spacing 
having been fully described by us previously, though from a different angle.^ The 
actual practical result of this dual method should first be noted, however ; it was 
this, that in three separate cases we produced a Uytb of ginned seed in the 1913 har- 
vest grown from the offspring of one seed sown in 1911. Moreover, this was done 
under most difficult conditions of extemporization, so that a great increase in these 
figures is easily practicable.^ If “ practical men would realize the possibilities 
that await the adventurer who, for a special purpose, will break away from prac- 
tice, our control of seed supplies might be very much improved, and the plant 
breeder’s skill would be more effectually utilized. 

Mi*, bawhney has the credit of being the first to call attention to the advantages 
of plain sand as a seed-bed for cotton, but his method does not go so far as it can 
be pushed. As described by him it is a ‘‘ garden ” technique, the seedlings being 
washed out and transplanted. But it is easiei*, quicker, cheaper, and safer to 
make the sand seed-bed out in the field where the adult plant is to stand, and still 
obtain such remarkable efficiency as was shown by our* statistics, viz,, 70 to 90 
per cent, of adult successes on a twenty -acre field when only single seeds were sown. 

In my earlier cotton-breeding researches 1 had tried various approved methods 
for economizing seed, to mitigate the feeble-mindedness of the infant cotton plant. 
The farmer s method of sowing eight to twenty seeds per hole and thinning to two 


^ Sawhaey, K. JUrnpire Cotton Growing HevieWy Vol. 11., 1925, p, 42. 

Balls, \V. JL,, and Holton, F. i?. Fhil. Tran 6 . Foy- Foe,, B, Vol. 2U6, pp. 10;i, 180. 

® See Report oj Imperial Botanical Conjerence, 1924, p. 84. 

O 2 
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seedlings is useless when seed economy is all-important. As it is imperative to 
provide some kind of soil-breaker, T tried— and rejected — an American dodge of 
using beans; they merely burrow out, without lifting the clods of .soil. Then a 
better plant was tried — Bamia. (or Okra, Hibiscus esculentus)—a>n.d in sj)ecial 
cases cotton itself, utilizing the Kcd-leaf Uplands. With Bamia or Red-leaf it 
was possible to sow single pedigree seeds, but the thinning process was tedious. 
Too much risk was run by the single pedigree seedling if its neighbours were roughly 
uprooted, and it was also liable to be “ drawn ” if thinning were at all delayed ; 
cutting out with scissors was eventually practised, but besides being slow and tir- 
ing, it left rotting roots in the ground. 

Finally, stimulated by emergency in the sha])e of a plague of mole-crickets 
(which left us with only 2 lb. of seed and lifte€3n wide-sown acres to replant), we 
devised the sand-sowing method. We afterwards learned that it is current practice 
with the native cultivators in Tokar, though in a cruder form. It was subsequently 
adopted by Mr. H. 0. Jeffery s for propagation work on the State Domains, with 
a seed-rate of, I believe, three seeds per hole. My j)resent purpose is to describe 
our technique as used, successfully, for the idc^al seed-rate of one seed per hole ; 
and in particular I wish to emphasize the f)oint that this limit of refinenumt can be 
reached with very little trouble and at a trifling cost. 

Equipment, 1. (k)tton seed, preferably soaked and just starting to crack. 

2. Any receptacle with a sling handle, holding a pint or so of fine sand, sifted 
through a 144-mesh or finer. 

3. A large teaspoon, or similar ladle, for handling the sand. 

2 and 3. AUematweJy^ an arrangement likje the old muzzle-loader powder flash 
would be excellent, delivering a small fixed quantity of sand. 

4. A round wooden dibble, the size of a pencil, i.e., just thick enough to make 
a hole into which one seed will drop freely. A wire nail driven through it 
sideways, at 1 inch from the end, defines the depth of the hole it makes. 

5. A hoe. 

6. On s|)ecial occasions only™ a fountain-pen pipette in a recepUicle like (2), 
but holding water. 

MetlmL lowing is best done in w^et soil, which will not need further irrigation 
or rain. For ordinary sowing in Egypt the work is done by pairs, a man opening 
the holes witli a hoe, and a child following to drop and cover the seed. The pre- 
sent method is carried out most quickly by gangs of three, thus : 

The leader, who carries the hoe, pulverizes and consolidates for a hand’s-breadth 
the soil where each plant is to stand, in order to increase the subsequent upflow 
of soil water and make a good seed-bed. 

The second of the gang, carrying dibble and seed, dibbles the 1 by J inch hole 
in this firepared soil, drops one seed to the bottom of the liole, and cleans the dibble. 

The third ladles a spoonful of sand into the hole, having previously squirted a 
pipette of water upon the seed if the soil is on the dry side. 
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When first we tried this method we found the subsequent procedure of the cotton 
plant rather unexpected. The seedling rarely breaks the j)liig of sand, wliich in 
usually simply lifted like a cork coming out. Finally, the [)lug falls over and breaks, 
and the seed leaves unfold through its debris. The diagrams are self-ex[)lanatory. 



Sowing single seeds. 


Details. Size of dibble will, of course, vary with the size of the seed, and ranges 
from i by I inch with some Indian cottons to {> by li inches with some fuzzy Up- 
lands. 1^110 fit should always be as close as is jiracticable. A pint or so of sa)Kl, or 
of water, will evidently be sufficient for 200 to 800 holes, so that replenishments 
do not call for elaborate transport arrangements. Dibbles can lie made by the score 
in an hour, and old jam-pots wdth a loop of string are not cx])ensive. Under labour 
costs w^e have to reckon for one extra child, ])lus the fact that the gang of thriic will 
be well advised to progress rather more slow ly than the usual gang of two ; for the 
opiiration, though simple, is worth a little extra care. To credit we may set the 
value of some seed economizled, i.e., 1)0 ])er cent, of the usual cost of seed. 


However, my purpose is not to advocate the everyday use of this method, for 
seed is cheap ; though where maximum acreage is desired from a limited stock of 
seed the method can be worked commercially. My wish is to sliow^ that the sand- 
sowing method can be taken out into the field, carried to any degree of reffinernent 
up to the limit of one seed per hole, and used as easily and successfully on hundreds 
of acres as on a small plot. Lastly, if it may seem a small thing to raises ten separate 
plants instead of two half-plants from twelve seeds, tlie read(T has ])robably for- 
gotten that each year multiplies the effect, so that after two years the difference s 
not 1.0 : 1 but 100 : 1, and has become a million to one after only six years. Since 
this is only half the control we can exert on seed proy^agation (spacing giving the 
other half), there is no reason why we should go slowly, following in the footsteps 
of the farmer who must set his pace entirely by considerations of profit and loss. 
[ W. Laweenoe Balls in Empire Cotton Growing Review ^ II, No. 3.] 
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REGULATIONS FOR IMPORT OF AMERICAN COTTON INTO BRITISH 

INDIA. 

In exercise of the powers conferred by sub-section (1), section 3 of the Destruc- 
tive Insects and Pests Act, 1914 (II of 1914), hereinafter referred to as the said 
Act, the Governor-General in Council is pleased to issue the following order for 
the purpose of regulating the import into British India of American cotton 

1. In this order— 

(i) “ Cotton ” includes all ginned cotton, whether baled or loose, but does 

not include cotton seed or unginned cotton. 

(ii) ‘‘ American cotton ’’ means all cotton produced in any part of America. 

2. On or after the 1st December, 1925, American cotton shall not be imported 
into British India by means of the letter or sample post and shall not be imported 
by any other means save through the port of Bombay between the first November 
and the thirty-first of May in any year and subject to the following conditions 

(a) On or before the departure of a ship carrying a consignment of American 
cotton for Bombay from the port from which the cotton is consigned, 
the consignee slmll ascertain the name of the ship, the probable date 
of its arrival in Bombay and the number of bales of American cotton 
contained in the consignment, and shall furnish this information to 
the Collector of Customs. Bombay, not less than three weeks before 
the arrival of the shi]* at Bombay ; provided that where the cotton is 
loaded for Bombay at Port Said or at a Euro])ean porl , the ordinary 
length of voyage from which is less than three weeks, it shall be 
sufficient to furnish the information not less than 10 days before the 
arrival of the ship. 

(^) On arriv^al at Bombay, the cotton shall be disinfected in such manner «s 
shall be prescribed in rules made by the Governineiit of Bombay under 
section 5 of the said Act. 

(c) Prior to landing the cotton the importer shall pay or jigre(‘ to pay a sum 
at a rate fixed by the Governor-General in Council sufficient to cover 
the cost of fumigation. 


THE PUSA SCIENTIFIC ASSOCIATION. 

We have received the following for publication 

The Pusa Scientific Association was started in October 1924, under the patronage 
of Dr. D. Olouston, C.I.E., Agricultural Adviser to the Government of India, to 
afford a meeting ground to the staff of the Institute, for the discussion of problems 
baring on agriculture and its allied sciences, During the first year of its existence. 
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12 papers of scientific interest were read ; they were followed by animated discussions 
in which many members took part. 

The subject of the first paper read on 28th November, 1924, was The Indian 
Sugarcane Industry, in which Eao Saheb Kasanji D. Naik ascribed India’s depen- 
dence on foreign countries for her sugar supplies to the low yields of the canes grown 
and wasteful methods of manufacture. In view of the enormous area under sugar- 
cane, in his opinion a slight increase in the yield per acre would go a great way in 
enabling India to produce all the sugar required for local consumption. Thanks to 
the Imperial Cane-breeding Station at Coimbatore, improved canes of heavy yielding, 
early-ripening and drought-resisting qualities were now available. Efforts for the 
improvement of the sugarcane industry should be din^cted towards the spread 
of such improved varieties, the adoption of better cultural and manurial methods 
and the promotion of the efficiency of sugar factories. 

On 19th December, 1924, Mr. K. K. Guha Roy read a paper on Libraries and 
Library Methods, 01 the several methods of classification in vogue, the speaker 
considered the subject classification of Brown as the most suitable for libraries used 
by research workcTs. 

Some Aspects of Green-manuring was the subject of a lecture by Mr. N. V. Joshi 
on 23rd January, 1925. Basing his opinion on ex])eriment8 carried out at Pusa, the 
lecturer said that the same crop of sann-hemp could be economically used for the 
double purpose of green-manuring and fibre production by ploughing in only the 
tops and retting the stems. 

On 26th February, the Medical Officer of the station (Mr. D. F. Michael) spoke on 
Our Habits and Health, He suggested the giving up of several old habits and adop- 
tion of certain new ones for maintaining a healthy and vigorous life. Organothe- 
rapy formed the subject of another discourse by Mr. Michael on 26th June. 

In a paper read on 27th March, Mr. A. T. Sen dwelt on the Torious %is(s of X 
Rays in different branches of human activity. 

On 28th April, Mr. P. B. Sanyal read a paprer on Sugar-beet and its possibilities in 
India, The reader suggested that Bihar offered special advantages for the culti- 
vation of sugar-beet. Experiments at Pusa indicated the possibilities of having 
supplies of good quality roots from the middle of March to the middle of May. 
Sugar-beet cultivation would therefore, if adopted, extend the working season of 
sugar factories operating in Bihar by at least twm months. 

In his paper on the Theory of Evolution and its Pioneers, read on 29th May, 
Mr. N. L. Dutta dwelt specially on the evolution of plants. 

On August 4, Mr. J. N. Mukerji spoke on the Indian Tobacco Industry, He 
observed that although India stood second among tobacco-producing countries 
of the world, the quality of the local product was poor and its market price low. 
Among the improvements suggested by him, were (1 ) the introduction of superior 
varieties by acclimatization and hybridization, (2) modification of environment, 

soil, clii 4 ate, fertilizer, etc., and (3) adoption of up-to-date methods of curing. 
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Crop Rotation formed the subject of the paper read on August 27th. Mr. E. P. 
Chauhan remarked that the object of crop rotation was to increase the productiveness 
of various crops by conserving the fertility of the soil and eliminating weeds, 
pests and crop diseases. He gave some rotation schemes for a two and three year 
course. 

The subject before the meeting held on September 1 7 was Vitamin and its present 
Position. Mr. S. Das held that with milk as the nucleus of the diet containing 
all the vitamins, fresh vegetables, fruit and cereals could constitute a complete diet, 
provided one took enough to assure all calorific requirements. He concluded by 
saying that the discovery of vitamins had for the first time rendered possible a 
rational system of dietetics. 

In the last ordinary meeting held on 13th November Mr. C. S. Rama Ayyar 
read a paper on Micro-organism, s in relation to Industries. He gave an account 
of the work done at Pusa to improve the saltpetre and the natural indigo industries 
and to reduce the loss of cane sugar by inversion in sugar factories, in all of which 
micro-organisms played an important role. The activated sludge process of 
sewage treatment, manufacture of dairy products, retting of flax and hemp, pre- 
paration of ensilage, curing of tobacco, etc., were mentioned as subjects aflording 
great scope for improvement by detailed work on the various microbcis concerned. 

In addition to these 12 ordinary meetings, a si)ecial meeting under the ausj)i( es 
of the Association was held on 9th January, when Mr. A. C. Chakra varty, who 
has recently returned from America with training in engineering, gave a discouise 
on Village Reconstruction with particular reference to the work being done by him- 
self in the Rajshahi District of Bengal. 



Personal Notes, Appointments and Transfers^ 
Meetings and Conferences, etc. 


The title of Rai Sahib has been conferred on Babu Debendra Nath Mitra, District 
Agricultural Officer, Faridfiur, and Babu Sharat Cliandra I’al, Assistant Director, 
Civil Veterinary Department, Bengal, and that of Rao Sahib on Mr. V. P. Subram- 
anya Mudaliyar, Deputy Superintendent (retired). Civil Veterinary Department, 
Madras. 


Mr. J. T. Enw.\Rns, B.Sc., M.R.C.V.S., Director, Imperial Tn.stitute. of Veterinary 
Research, Mukte.sar, has been granted leave on average pay for eight montlis from 
1st March, 1926. 


Mr. G. S. TTkn])kr.S()n, N.D.A., N.D.D., Imperial Agriculturist, Pusa, has been 
grantcid leave on average pay for seven months from 15th Marc]i,l92(). 


Mr. Wynne Saver, B.A., Secretary, Sugar Bureau, Pusa, has been granted 
leave for six months and 15 days from 25th March, 1920. Rao Saheb Kasanji 
D. Naik will hold charge of the current duties of the Secretary, Sugar Bureau. 


Mr. Jatindba Nath Sen, M.A., Ph.D., Supernumerary Agricultural Chemist, 
Pusa, on deputation, has been appointed Biochemist at the Forest Re.search Institute 
and College, Dehra Dun, from 4th February, 1926. 


Mr. Zal R. Kothawala, B.Ag., B.Sc., N.D.D., has been appointed Assistant to 
the Imperial Dairy Expert with effect from 30th November, 1925. 


Mr. K. McLean, B.Sc., Assistant Director of Agriculture, Bengal, has been 
allowed leave on average pay for eight months from 23rd February, 1926. 
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Mr. Provat Chandra Chaudhuri has been confirmed in his appointment of 
Deputy Director of Sericulture, Bengal, in the Indian Agricultural Service, from 
17th October, 1922. 


Mr. R. 0. Ilippe has been appointed Paddy Specialist in the Department 
of Agriculture, Madras, temporarily for a period of five years from 27th November, 


192.5. 


Mr. C. G. Paranjpye has been appointed to act as Agricultural Engineer to 
Government, Bombay, •yfceMR. W. M. Schuttc on deputation. 


Mr. G. Clarke, F.I.C., ofiiciating Director of Agriculture, United Provinces, 
has been confirmed in that appointment with effect from 22nd December, 1926. 


Mr. H. Copley, Agricultural Engineer, Central Provinces, has been granted 
combined leave for one year with effect from 17th December, 1926. 


Mr. R. Watson, N.D.A., Deputy Director of Agriculture, Burma, has been placed 
on special duty to carry out a coconut survey in the Irrawaddy Division. 


Captain J. B. Idle, M.R.C.V.S., Superintendent, Civil Veterinary Department, 
Burma, has been confirmed in his appointment in the Indian Veterinary Service 
with effect from 4th December, 1926, and has been placed in charge of the Central 
Circle (Meiktila) and of the stock-breeding farm at Tatkon. 


Captain S. R. Rippon, M.R.C.V.S., Superintendent, Civil Veterinary Depart- 
ment, Burma, has been placed in charge of the Insein Veterinary School and of the 
South-Western (Baesein) and South-Eastern (Moulmein) Circles and also of the 
Arakan Sub-Circle (Akyab). 



REVIEW 


The Land and the Nation.— Rural Report op Liberal Laud Oommittee, 

1923 - 25 . London : Hodder and Stoughton. Price, Is, net. 

The report is concerned with the investigation of the land problem in Great 
Britain to-day. It contains a mass of detailed information, the result of extensive 
enquiry both in Great Britain and abroad. Further, the report is very readable. 
It contains 584 pagivs, appendices, ]] chapters and 4 main parts. Parts I- III 
are concerned with the investigation of the land ])roblem ; Part IV is a statement 
of the policy proposed, together with an examination of alternative proposals. 

In a comparison of rural life and industrialism as they exist in Great Britain, 
we find ‘‘ that out of a total population in England and Wales of less than 38 
million persons more than 30 millions, i.e., just over 80 p(‘r cent, live in urban 
districts” (Census of 1921) ; “that only 7-2 per cent, of our occupied population 
was in 1921 dependent on agriculture” ; “that the number of persons now regis- 
tered as out of work (1,343,700- August 1925) is larger than the total number of 
persons engaged in agriculture in the whole of Great Britain (1,264,349— Census 
1921)”; “that our towms contain more peo])le than they can employ, and that 
our fields (‘.mploy few(‘r persons in proportion to their area than the fields of any 
country whose civilization is reasonably comparable to our own.” 

In Chapter IIP Food, Land and People— w^e are startled to read that “ in 
1914 the gross production from British land w as practically the same as it was in 
1814 and much less than it W’'a8 in 1840.”^ A cause for our failure in agricultural 
production seems to be in our pursuit of industrialism and the ignoring of agriculture 
in its days of de})ression- some 40 years ago. A comparison with continental 
countries illustrates this. Take Denmark. “ When she (Denmark) no less than 
Great Britain was e.x:])osed to heavy imports of cheap wheat from the virgin jirairie 
land of America, she accepted the importation of cheap wht at and extracted from 
it the maximum of advantage. Instead of attempting to compete in corn growing 
with America, either with or without Protection, she huilt up a system of arable 
farming for stock, making use of any cheap imports which might be used for fodder 

In Great Britain cheap wheat, though a boon to the urban population, 

was to farmers a disaster In natural consequence the area under w^heat 

has for the last 40 years steadily declined.” Regarding wheat imports we may 
note that of bread eaten in Great Britain 80 per cent, is made of flour imported 
either as such or as grain. In the matter of animal husbandry, referred to above, 
if we compare England with Denmark, Holland and Belgium in the number of 

* The Land and its ProbUtn, by Christopher Turner; quoted in the Report, 
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live-stock units — cattle, sheep and pigs — per 100 acres of land, we find, in the last 
40 years or so, in England an inclination to decline from 30 units per 100 acres, 
while in the other three countries there is a very noticeable t(ndenc}to increase 
from below 30 units per 100 acres to 39 and upwards. 

Area statistics for Great Britain show that ‘‘ 2-6th8 of unbuilt of land is either 

mountain, moor or downland, or is used only for rough grazing or not at all 

There has been a shrinkage in the total of cultivated land, of arable land, of corn 
land, of the area of roots and green crops and of the number of live-stock per hundred 
acres.’’ In 50 years over 4 million acres of British soil have been lost to the 
plough.” 

The diminishing importance of agriculture in relation to other industries is 
illustrated by the fact that the persons occupied in agriculture were in 1921 7*2 per 
cent, of the total population.” While the figure for Denmark in 1921 was 33 per 
cent., for France in 1911 40-7 per cent. 

The report gives a typical minimum wage table for an adult male agricultural 

worker, and adds the comment ^‘that an agricultural labourer of would be 

better able to support his family if dependent on the Poor Law than when in receipt 
of the statutory wages for a full week’s work,” and ‘‘ that the lowest agricultural 
wage in an English county is identical with the unemployment benefit for a man 
with the ‘ standard ’ family.” 

Chapter IV deals chiefly with farming — production and cost — and the relation- 
ship between farmer, land and labourer. It shows ‘‘ that a great deal of fanning 
in England is far less productive than it need be ” ; “ that we could undoubtedly 
produce much more before we reach the point at which extra effort becomes un- 
economic,” and this particularly by small men. To quote Sir Daniel Hall,^ “ We 
possess farmers full of enterprise, none better ; but their example is not generally 
followed, their methods have not been systematized so as to become the ordinary 
standard of agriculture. Many farmers are short of capital for the size of their 
holdings and they cannot, if they could, depart from the routine of minimum of 
cultivation ; still more are knowledge, determination and enterprise lacking.” 
2“ This shortage of capital is reflected by economies in labour , , ’’Again, ‘‘ what above 
all is lacking in England is not so much an agricultural atmosphere, , , .as a peasant 
atmosphere . . • . In England of to-day the country is the place where one goes to spend 
the money earned in the towns. In France the position is exactly reversed. The 
habit of indulgingin land-owning at a loss is one of the factors mainly responsible 
for queering the pitch of English agricultural production ; and it is in the 
interests of the efficiency of farming as a whole that qualified labourers should be 
enabled to start on their own account and to rise into the ranks of farmers.” Thus 
stemming the rural exodus and providing access to the land. 


^ Pilgrimage of British Farming. 

• Quoted in the Report. 

* UangUterre (P Anjourdhui. Par. Siegfied, 
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Chapters V and VI are devoted to a survey of agriculture, tenure and landlordism. 
The argument is that ‘‘ landowners being unable to develop the true values of their 
estates tend to develop false values, to the detriment of output ; for high amenity 
values make for low agricultural returns. The business side of farming is not 
attended to, for leadership is lacking,” “ the landlord’s position in agriculture is not 
one of privilege but of utility ” ; “ the right of ownership of land rests on nothing 
but the performance of a useful function,” and one of the chief functions it would 
appear is to supply permanent capital. The trouble is as pointed out in the re])ort 
the uneconomic position of the landlords. Mr. Turner in ' The Land and its Pro- 
blem ’ says that examination of the account books of typical estates shows that 
after paying taxes, rates and the cost of upkeep of farms, houses, buildings, the 
landowner is left with only 3.s*.M. in the £ as effective income, and often much less.”^ 
Further figures for ten representative and rural estates in different parts of the 
country “ show tlie net rent as a ])crcentage of the gross rent on an average figure 
to be 61*8 ])er cent.”^ Other examples may be quoted with a less happy result, 
indicating tin*, tendency of incomes on estates in Great Britain. 

A survey of the position of landlordism since 1913 brings forth the following 
statement from the Committee : “ It is not a question of assisting landlords to 
justify their ownership of agricultural land. It is a question of finding the right 
system of land tenure to re})lace landlordism.” 

Cha])ter VII defines and discusses the policy proposed. The policy advocated 
is one of cultivating tenure. The })re8ent landlord-tenant system is to go. The 
landlord is to be bought out ; the State is to resume its overlordship of land, and 
shall transfer all the tenant-held land to the present cultivators, whenever they 
are good cultivators. The landlords shall be paid an annuity equivalent to the net 
rent whicli a good landlord would be making out of the land. The landlord will 
also r(^ceive the jvresent building value of his land as it is realized. The farmer will 
])ay the ecjuivalent of his present gross rent less the amount properly chargeable 
for repairs, maintenance, management and tithe. The good farmer will have 
absolute security of tenure, at a fixed annuity, which he may devise on death to 
his descendants. He wdll be required to carry out all repairs and maintenance 
himself, and as he is the one man interested it is confidently believed that he will 
carry them out. The bad farmer, after opportunity of amendment, will be turned 
out. The functions of estate management, w'hich are at present exeicised by land- 
lords, will be carried out by county agricultural authorities, representative of agri- 
cultural interests in each district.”^ 

Chapter X contains alternative proposals put forward by others and considered 
and criticized by the Committee. There are two : both modifications of the land- 
lord-tenant system. The one is the small holding system. Here the rent is fixed 


^ Quoted in the ap])endieps to the Report. 

*“ The New-Land Re>f(jrm Proposals ” by the Rt. Uon’ble F. I). A(dand in The Contemporary 
Review (November, 192.'5) where the jK)licy is well suininarized. 
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6y a public body and the tenant may devise to members of his family. The other 
the Evesham custom. ‘‘ This is a custom which has grown up in the fruit-growing 
district round Evesham by which the departing tenant finds his own successor — 

someone, that is, who is prepared to purchase the value of his tenant right 

These systems presume that the landlord will meet all necessary capital charges, 
and “ it would leave the landlord in the industry as a rent charging sinecurist. It 
would do nothing to safeguard the nation’s right to assist a good cultivation, and 
nothing to remedy the landlessness of the labourer.” 

Chapter XI evokes a note of energy and hope. As has been mentioned above, the 
report is very readable; but one cannot conclude it without being reminded of the 
gravity of the agrarian conditions as they exist in Great Britain to-day. [J. C. W.] 



NEW BOOKS 


On Agriculture and Allied Subject* 

1 . Farm Implcnicnts and Machiuery, by J. R. Rond. Pp. (London : Ernest 

Benn, Ltd.) Price, IHs. da!. 

2. Your Few Acres : How to manage them for profitable production, by E. T. 

Brown. Pj). xiii+254. (London: Chapman & Hall.) Price, 10s. drf. 

3. Farming Records and Accounts, by E. E. Spicer and E. C. Pegler. Pp. 140. 

(London : H. E. L. (Publishers), Ltd.) Price, 10s. iSd. net. 

4. Outlines of Agricultural Economics, by Henry C. Taylor. Pp. xii-f 610. (Hew 

York : The Macmillan Co.) Price, 14s. net. 

6. Agricultural Co-operation in the British Empire— with an introduction by Sir 
Horace Plunkett. Pp. 254. (London ; Geo. Routledge.) Price, 10s. 6</. net. 
6. Principles and Practice of Farm Book-keeping : A Text-book for Agricultural 
Students. Pp. 484. (London ; Gee & Co.) Price, 15s. net. 

The following publications have been issued by the Imperial Department of 
Agriculture! in India since our last issue ; — 

M emoirs. 

1. Determination of Available Phosphoric Acid of Calcareous Soils, by Sutendralal 

Das, M.Sc. (Chemical Series, Vol. Vlll, Ro. 6.) Price. As. 12 or Is. 3rf. 

2. Deterioration of Sugarcane during its Storage by \Vmdior\ing. by Phani Bhusan 

Sanyal, M.Sc. (Chemical Series, Vol. Vlll, Ro. 7.) Price, As. 6 or 8d. 

Bulletins. 

3. Bot Flies of the Punjab, by H. E. Cross, M.R.C.V.S., D.\ H., A.Sc. (Pusa 

Bulletin No. Hid.) Price, As. 14 or Is. 6d. 

4. Tentative Keys to the Orders and Families of Indian Insects, by T. Bainbrigee 

Fletcher, R. N., F.L.S., F.E.S., F.Z.S. (Pusa Bulletin No. 162.) Price 
R. 1-4 or 2«. Sd. 

Misedlaneous. 

6. Catalogue of Indian Insects. Part 10 — Stephanidse, by G. R. Dutt, B.A 
Price, As. 6 or 6d. 
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EDITORIAL 


THE CATTLE CONEERENCE^ 

The agenda for discussion at the fourteenth meeting of the Board of Agriculture 
in India, held at Pusa in December 1925, contained the following six important 
subjects dealing with animal husbandry and the dairying industry in India : — 

(а) To review the progress made by the Central and Provincial Governments 

and by Indian States since the last meeting of the Board of Agriculture 
in developing animal husbandry and dairying, and to make recom- 
mendations. 

(б) To review the results obtained and experience gained in making silage 

in India, and to make recommendations. 

(c) To consider to what extent Provincial Governments and Indian States 

can co-operate with the Central Cattle Bureau in the formation of 
pedigree herds of Indian cattle and in the control of pedigree records. 

(d) To consider the extent to w^hich Co-operative Departments can co-operate 

with Agricultural and Veterinary Departments in the development of 
cattle-breeding and dairying. 

(e) To consider what further steps can now be taken by Government to 

combat outbreaks of cattle disease, and particularly to set up a perma- 
nent immunity against rinderpest amongst susceptible animals by the 
application of the serum-simultaneous method of preventive inocula- 
tion. 

(/) To consider whether the time has now come for Provincial Governments 
and Indian States to train men for the Indian Dairy Diploma of the 
Imperial Institute of Animal Husbandry and Dairying. 

These six subjects were referred by the Board to a Cattle Conference, under the 
chairmanship of Dr. D. Clouston, C.I.E., Agricultural Adviser to the Government 
of India and President of the Board. The Conference was very representative in 
its personnel, which consisted of delegates from the Imperial Department of Agri- 
culture, the Agricultural, Veterinary and Co-operative Departments of the pro- 
vinces of British India and the leading Indian States, the Military Dairy Farms 
Department, and private institutions connected with the cattle-breeding and dairying 
industries. The Conference submitted reports and made recommendations* which 
were subsequently placed before the full meeting of the Board. 

* { m ) 
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In hia introductory speecii to the Board, Dr. Clouston, Agricultural Adviser 
to the Government of India, referred to the subjects on the agenda dealing with 
animal husbandry and dairying, and emphasized the importance of cattle improve- 
ment to the advancement of Indian agriculture. He mentioned the work which 
was being done in this direction by the Imperial and Provincial Departments of 
Agriculture and by the more advanced Indian States, and informed the Board 
that the Government of India had decided to establish a Central Bureau of Animal 
Husbandry to stimulate and co-ordinate these efforts. Dr. Clouston pointed out 
the urgent need for the extension and improvement of fodder supply as a preliminary 
to more widespread improvement of cattle, and indicated the value of silos and 
silage-making in increasing the fodder resources of the Indian cattle-owner and 
breeder. He invited the attention of the Board to the necessity for increased faci- 
lities for scientific and practical education in cattle-breeding and dairjdng, and to 
the possibility of the wider use of co-operative organization in sohdng the problems 
of animal husbandry . Last but not least, careful consideration must be given to 
the extended introduction of the latest preventive measures for the protection of 
Indian herds against outbreaks of cattle diseases, in particular, rinderpest. 

The Hon’ble Khan Bahadur Sir Muhammad Habibullab Sahib Bahadur, 
K.C.I.E., Kt., Member of His Excellency the Viceroy’s Executive Council, Depart- 
ment of Education, Health and Lands, said, in the course of his speech opening the 
Board, that the Government of India had taken over three dairy farms at Welling- 
ton, Karnal and Bangalore and also the rnilitfiry creamery at Anand for training and 
research purposes. Particular attention was also being given to the claims of agri- 
cultural education, especially with regard to veterinary training, animal husbandry 
and dairying. He paid a tribute to the work done by the Imperial and Provincial 
Governments in cattle improvement and protection against diseases as well as in 
the general agricultural development of the country, and concluded an inspiring 
speech with an appeal for co-operation for further progress between the big land- 
owners of India and the Government departments directly concerned in the advance- 
ment of Indian agriculture and the improvement of rural conditions. 

The Cattle Conference met on the second and third days of the Board meeting, 
and discussed the subjects which had been referred to it for report. The full reports 
of the Conference are to be found in the published proceedings of the Board, and 
are therefore not included in the following review of the Conference meetings. 

Subject (a ) — To review the progress made by the Central and Provincial Oovemments 

and by Indian States since the last meeting of the Board of Agriculture in developing 

animal husbandry and dairying^ and to make recommendations. 

The Chairman, Dr. Clouston, gave a resumfi of the action which had been taken 
on previous recommendations of the Board of Agriculture in connection with the 
cattle and dairying industries. Members of the Conferenee representing the Central 
and Provincial Governments and Indian States gave detailed accounts of the progress 
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which had been made in animal husbandry and dairying in their respective territories 
since the last Board meeting in 1924. The Imperial Agriculturist asked members 
of the Conference to make a personal inspection of the work done at Pusa, and the 
Imperial Dairy Expert issued a similar invitation with regard to the Institute and 
farms under his control. In almost every province and State, marked progress was 
recorded, and the Conference showed much interest in further proposals for extend- 
ing the work of cattle improvement in the Punjab and Madras. Appreciative note 
was taken of the action of the Bombay and the Bihar and Orissa Governments in 
appointing Cattle Committees to consider the improvement of live-stock in these 
provinces, and an extension of this policy was advocated. In Baroda, a similar 
Committee has beenformed and its recommendations are awaited. The Director of 
Farms, Simla, gave a most interesting account of the cross-breeding work for milk 
production carried on by the Military Dairy Farms Department. He stated that 
the extension of crossing to and | European animals had not ])roved successful, 
and that the policy now adopted in his farms was to cross the half-bred cows with 
the best Indian bulls available. In supporting this policy, the Assistant Director 
of Farms, Jubbulporo, put some interesting information with regard to Friesian 
crosses before the Conference. In the course of the discussion, it became evidtnt 
that the Agricultural and Veterinary Departments in many provinces had achieved 
successful co-operation with local non-oflicial agencies in the work of cattle improve- 
ment. Various methods of propaganda work in the direction of improved animal 
husbandry and dairying were considered. The successful experience of the Imperial 
Dairy Expert in using the cinema for publicity purposes was brought to the notice 
of the Conference. Many Indian States encourage the improvement of live-stock by 
granting subsidies, prizes and awards to successful and scientific breeders. At the 
conclusion of the discussion, tJio Conference heard Mr. Collins on the proposed Bihar 
and Orissa Cattle Bill, a m(*.asure introduced by a private member of the Legislative 
Council of that province to remedy existing defects in legislation concerning protec- 
tion of cattle and measures for cattle-breeding. The proposed Bill was generally 
a])proved by moinbers of the Conference, and it was agreed that copies of the draft 
be circulated along with the proceedings of the Board. 

Subject {h) To review the results obtained and experience gained in making silage in 

India ^ and to make recommendations. 

The Chairman invited members of the Conference to give their experiences in 
silage-making and to express their views on the sub j ect under discussion. The general 
opinion of the speakers was that the “ pit ” form of silo gave better results and 
occasioned less wastage than the “ tower ” types. The military representatives 
on the Conference stated that silage-making w^as essential to the economic working 
of the military dairy faiins. This view was corroborated by the Imperial Agri- 
culturist, who described the work of silage-making at Pusa and emphasized the 
superiority of maize silage. The Imperial Dairy Expert gave some valuable evi- 
dence on the keeping piupertics of silage, even under adverse conditions, and termed 
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the practice of silage-making the sheet anchor of the dairying industry in India/’ 
Eepresentatives of the provinces and Indian States rold the Conference what work 
had been done in their areas in the construction of silos and in silage manufacture. 
Mr. Warth, Physiological Chemist, Bangalore, drew attention to the valuable work 
done by Dr. Lander on the chemistry of silage-making, and suggested that many 
unpalatable, or even prejudicial, substances might be converted into useful cattle 
foods by the agency of ensilage. Some discussion took place on the best methods 
of demonstrating the possibilities of silo construction and silage manufacture to the 
cultivators in order to induce them to adopt this system of increasing their fodder 
resources. In addition, the Conference collected information on various materials 
used for silage manufacture in dill'erent parts of India. 

Subject (c)- To consider to what extent Provincial Governments and Indian States can 
co-operate with the Central Cattle Bureau in the formation of pedigree herds of 
Indian cattle and in the cmtrol of pedigree records. 

The Chairman read out to the Conference the resolution passed at the Board of 
Agriculture in India, 1924, recommending the establishment of a Central Bureau 
of Animal Husbandry at Pusa, and defined the main functions of that Bureau. The 
Imperial Dairy Expert emphasized the importance of this subject and the necessity 
for the co-operation of all Provincial Governments and Indian States in the working 
of the Bureau. He instanced the peculiar dilliculties whidi would l)e encountered 
in forming and maintaining herd books, pedigree records and milk records in India. 
The system of registration adopted in the case of the pure Sahiwal herds of the 
Military Dairy Department was described to the Conference. Mr. Forman, of the 
Allahabad Agricultural Institute, outlined the system of co-operative cow-testing 
associations in America, and suggested that preliminary work of a similar nature 
might be started in India. Finally, the Conference adopted the proposal that this 
subject should be considered in the first place by a small Sub-Committee, which 
should report to the Conference. 

Subject (d) — To consider the extent to which Co-operative Departments can co-operate 
mth Agricultural and Veterinary Departments in the development of cattle-breeding 
and dairying. 

Mr. Calvert, I.C.S., Commissioner, Rawalpindi Division, stated that the Co- 
operative Department was really one of adult education. He showed how thi 
Co-operative Department in the Punjab assisted the Agricultural and Veterinary 
Departments in their propaganda work, and how considerable progress was 
resulting from such qo- operation. The Imperial Dairy Expert laid stress on the 
advantages of co-operative dairies, and quoted the achievements of Denmark in 
this connection and the beneficial effects of co-operation on the improvement of 
cattle in that country. Several members introduced the question of the duty of 
Government in assisting co-operative enterprise, especially in its initial stages and, 
particularly, in the provision of efficient supervision and management. An 
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account was given of the Bucceee which has attended co-operative milk Bocieties 
outside Calcutta. The importance of co-operative organization, not only on behalf 
of producers, but also of consumers, was brought before the Conference, and 
some discussion on the practicability of forming successful consume! s’ societies 
ensued. It was agreed that co-operative fodder storage societies, especially in 
famine areas, were desirable, and the activities of the Bombay Government in this 
connection were brought to the notice of the Conference. The discussion on this 
subject, though unanimous on the value of co-opcraiive organization in the cattle- 
breeding and dairying industries, reve^alcd considerable divergence of opinion on 
the most suitable nature of such organization in India and on the ways and 
moans of its development and extension. 

Subject (e)~To consider what further steps can now he taken by Govermneni to combat 
outbreaks of cattle disease, and particularly to set up a permanent immunity against 
rinderpest amongst susceptible animals by the application of the serum -simultaneous 
method of preventive inoculation. 

The veterinary members of the (kmference submitted a note on the subject under 
discussion and on the work which liad been already done in controlling outbreaks of 
cattle diseases. The ex})eriencc with serum-simultaneous inoculation against rinder- 
pest on the military dairy farms was recounted and satisfaction expressed 
at the results achieved. Some discussion took place on the reported deaths from 
rinderpest of animals })reviously inoculated by the serum-simultaneous method, 
but the bulk of the evidenc(^ showed that such cases could almost invariably be 
traced to neglect of essential precautions during inoculation or to secondai y infections. 
The Director, Civil Veterinary Department, Bihar and Orissa, ap])eiiled for further 
investigation into the coiuiiioner cattle diseases of India, and advocated the estab- 
liahment of research centres, on a sound financial basis, in the different tract s of the 
country where those diseases were prevalent. The necessity for controlling the 
movements of cattle in disease-affected areas also received the consideration of the 
Conference. 

Subject (/) — To consider whether the time has now come for Provincial Governments and 
Indian States to train men for the Indian Dairy Diploma of the Imperial Institute 
of Animal Husbandry and Dairying. 

The Imperial Dairy Expert, in introducing the subject, emjdiasi zed the essen- 
tially practical nature of the training for the Indian Dairy Diploma, and stated that 
the present facilitioi. for students were quite inadequate to meet the demand through- 
out India. He pointed out the advantages which would accrue from extension 
of training for the diploma in the provinces and Indian States and the necessity for 
special instruction to meet local requirements. The facilities at present available 
for advanced practical training in scientific dairying were not being utilized to the 
full, and Provincial Govornments and Indian States should consider to what extent 
they could further develop this important branch of agricultural education. The 

o 
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Conference expressed general agreement that increased facilities for training men 
for the Indian Dairy Diploma were necessary, but, in certain cases, difficulties in 
obtaining the finance ncicessary to reach the standard of training required, were put 
forward. The Imperial Dairy Expert did not think that such difficulties were in- 
superable, and said that no reduction in the standard of tredning could be contem- 
plated. He would welcome the co-operation of provinces and States in this matter 
and would assist them in framing suitable schemes. 

W. J. Jenkins. 



ORIGINAL ARTICLES 


AGRICULTURE AND SCIENCE* 

BY 

ALBERT HOWARD, C.I.E., M.A., 

Direcior^ Institute of Plant Industry, Indore, and Agricultural Adviser to States in 

Central India, 

The apj)lication of science to agriculture is a comparatively modern development. 
Since 1834. when Boussingault laid the foundations of agricultural chemistry, an 
increased and increasing amount of attention has been devoted to agriculture l)y 
men of science. I proj)ose briefly to recapitulate some of the more important 
advancea which have resulted from this impact of organized knowledge on tlu^ most 
ancient of the arts, and then to deal in greater detail with some of the agricultural 
problems of to-day in the solution of which science is certain to play an im]>ortant 
part. In reviewing the development of agricultural scumce, two tilings must be 
kept in view — the influence of science on practice and, what is ])eThaps more inter- 
esting, the lessons which agriculture has taught and is still teaching the scientific 
investigator. I hope to show that the great benefits that have flowed from the 
application of science to practice are not always on the side of agriculture, but that 
scientific method itself has sometimes profited from the association. Further, tlie 
man of science has had to realize that progress is possible without the aid of science, 
and chat soaie of the greatest developments in agriculture, (‘Von at the present day, 
have b^.en brought about by empirical means. 

Examples of notable advances in agriculture wliieh have talcen place without the 
aid of science are to be found all over the world. In the Orient, perhajis the most 
remarkable is the cultivation of rice which has been deviiloped by the ]>eoplc in 
the deltas of the great rivers to a high degree of perfection and carried u]) the slojics 
of valleys by means of a system of irrigated terraces. The care and skill which have 
enabled the cultivator to grow a semi-aquatic crop like rice on the stec]) hill sides of 
India and Ceylon cannot fail to command our attention and respect. In this deve- 
lopment, science has played no part and even now has not completed the preliminary 
analysis of the factors involved in the growth of the chief cereal of the tropics. We 
can only guess at the sources of the nitrogen made use of by the rice plant. Again 
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in Gujarat in the Bombay Presidency, an indigenous system of agriculture has been 
evolved to overcome a most difficult set of soil and moisture conditions. In 
order that the tilth may be maintained and the moisture conserved speed is 
essential in managing these soils. To get over the fields quickly, the crops are 
grown in straight lines ; simple but effective implements have been designed for 
sowing and inter-culture and a fast and powerful breed of oxen has been deve- 
loped. The adaptation of means to end is remarkable and great natural obstacles 
have been overcome by the peasantry unaided. In the Occident), equally striking 
advances have been made by empirical means. Sub-soil drainage, the modern 
systems of tillage, the great progress which has been made in the breeding of live 
stock, the Norfolk four-course system of rotation —which followed the introduction 
of the turnip crop into Great Britain in 1730 -arc all improvements which owe 
nothing to the scientific investigator. 

The early pioneers of agricultural science wer(^ chemists. A French chemist 
laid the foundation stone in 18‘M. Liebig’s classical monogra]>h on agricultural 
chemistry appeared in 1840 which instantly attrac^ted the attention of agriculturists 
who, for the first time, wore made acquainted with the help they were likely to 
obtain from the application of chemistry to the tillage of the soil. Three years 
later— iu 1813 —the Rothamsted Experiment Station was founded by Lawes, and 
the great era of agricultural chemistry began which continued till the end of the 
last century. During this period agricultural science was a branch of chemistry. 
As long as the Liebig tradition endured, the analyses of soils and manures were 
regarded almost w'^ith veneration by the practical man, and great hopes were en- 
tertained that something approaching a royal road in the development of agricul- 
ture had been discovered. This ])hase lasted nearly fifty years, during which the 
use of artiiiclal manures became firmly welded into the agricultural j)ractice of the 
West. Experience of the now science, however, gradually showed that improvements 
in crop-production could not always be achieved by applying the principles laid down 
by Liebig. The deficiencies in the soil, suggested by chemical analysis, were not 
always made up by the addition of the appropriate artificial manure. The feeling 
slowly developed that the problems of crop-production could not be dealt with ade- 
quately by chemistry alone. The physical texture of the soil was found to be as 
important as its chemical composition. The pioneering work of Hilgard and King 
in America led to the development of a new branch of the subject --soil physics — 
the exploration of which is still in progress. Pasteur’s work on fermentation and 
allied subjects discovered a new world and laid the foundation of the modern work 
on micro-organisms and disease. The soil was soon found to be inhabited by bac- 
teria and other forms of life and a new branch of agricultural science — soil bacterio- 
logy — arose. The organisms concerned in the nitrification of organic matter in the 
soil were discovered by Winogradsky and the conditions necessary for their activity 
were determined. Hellriegel and Wilfarth worked out the role of the organisms 
which produce the nodules on the roots of leguminous plants and in 1888 furnished 
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a scientific explanation of the value of these crops in enriching the soil. The Liebig 
conception of soil fertility was thus gradually enlarged, and it became clear that the 
problem of increasing the produce of the soil did not lie within the domain of any 
one science but embraced at least three-^ — chemistry, physics and bacteriolcgy. 
The great value of this broadening of the basis of agricultural science was to afford 
an explanation of practices which had been arrived at on the basis of experience 
and to add a number of important principles to the subject. It was not till the be^ 
ginning of the present century that investigators began to pay attention to what is 
after all the chief agent in crop-production, namely, the plant itself. The re-dis- 
covery of Mendel’s law by Oorrens, the conception of the unit species which followed 
the work of Johannsen and the recognition of its importance in improvement by 
selection have led directly to the modern botanical studies of cultivated crops. These 
investigations are constantly broadening and now embrace the root-system and its 
relation to the soil type as well as resistance to disease. It is an arresting fact that 
the development of modern plant-breeding came about indirectly and did not arise 
in the most logical manne^r, namely, as an outgrowth of systematic botany and the 
intensive study of the Linnean species. Had the principles of systematic botany 
been rigorously applied to the various units which make up the Linnean species and 
had anybody collected the numerous foims of almost any wild plant and grown them 
aide by side from single plants, the principles underlying improvement by selection 
would have been apparent and a sure foundation for modern plant-breeding would 
have been laid. 

The practical results which have followed the application of botanical science to 
agriculture during the last quarter of a century are very considerable. In wheat, 
for example, the labours of Saunders in Canada culminated in the production of 
Marquis — a variety obtained by crossing Ecd Fife with an early Indian wheat 
(Hard Ked Calcutta). Marquis closely resembles Ked Fife in appearance in the field 
and in the high quality of its grain. It differs from the parent in carliness and in 
having a shorter straw. Marquis is the most successful hybrid yet })roduced. Over 
20,000,000 acres of this variety are grown in Canada and the neighbouring States 
of the Union. In Australia, the new wheats raised by Farrer are widely cultivated. 
In England, Biffen’s new hybrid Yoeman has definitely established itself in the wheat- 
growing areas of the country. In India, the types produced by the Fusa Kcsearch 
Institute already cover more than 2,000,000 acres. The total area of the new 
varieties of wheat produced during the present century must be little short of tw’c nty- 
five million acres. At a moderate estimate, the increased wealtli produced by the 
application of modern methods of plant-breeding to this crop must be at least 
20,000,000 sterling a year. If this annual dividend is compared with the capital 
invested, the return is many times greater than that yielded by the most successful 
industrial euterjirise. The methods which have proved successful in wheat are now 
being applied in India to crops like cotton, rice, jute and sugarcane, and important 
results have already been obtained. During the next generation, the replacement 
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of inferior varioties by more efficient and higher yielding types is certain to make 
raf)id ])roa:ress, and in a few years the total annual addition to the wealth of the world 
will run into hundreds of millions sterling. Important as is the total annual incre- 
ment which follows the general adojition of a successful variety, nevertheless the 
gain per acre is small. Even in the most favourable circumstances it is not likely 
to exceed twenty rupees an acre. As in the case of Marquis and the Fusa wheats, 
the advantage is partlj' due to earlincss and partly to the improved quality of the 
grain. The new varieties are more efficient and make better use of the food materials 
jirovided by the soil than the old. Tlieir cultivation secures a more certain crop 
and also one of increased market value. It by no means follows that the new kinds 
require more from the soil and that their cultivation will be follow'ed by a loss of 
permanent fertility. The improvement is closely similar to that obtained by re- 
placing an inefficient machine by one w’hich is better designed to do the same work. 

Even when the cultivated area of the world has been provided with better varie- 
ties, only the first instalnumt of the practical results, wdiich flow from the modern 
studies of crops, will have been secured. The great problem of the agriculture of 
the near future is the intensive cultivation of improved varieties by which the present 
production can bo vastly increased in quantity as w'ell as improved in quality. 

A survey of the develoj.unent of agricultural science during the last ninety years 
reveals the important fact that until quite recently the approach has almost always 
been by means of one science. The researches fall into classes, each class coinciding 
with the limits of some well-defined subject like chemistry, physics, bacteriology, 
entomology or botany. Not only can the researches be easily grouped but the orga- 
nization of agricultural workers closely follows the artificial sub-division of science 
which has grown up in the colleges and universities as a result of the exigencies of 
teaching and examinations. Further, the history of the ap]>lication of each science 
to agriculture follows much the same course. First of all, there is a period of opti- 
mism after the publication of the early results. This is slowdy followed by a more 
chastened outlook as it becomes ajrparent that the new science is not quite adequate 
by itself to deal with the many-sided problems of practice. Finally, direction is 
gradually lost and the effort not infrequently loses itself in detail. 

I propose at this stage to examine two of the chief problems which now confront 
the agricultural investigator in India, and I hope to show that these problems do 
not fall w'ithin the limits of any single branch of science. It naturally follows 
therefore that th() conventional method of attack cannot hope to be completely 
successful. 

Irrigation and agriculture. 

The. discovery of the right use of irrigation water is one of the chief tasks now 
before the Agricultural Department in India. As every one knows, everything goes 
w-ell in this country if the rains are timely, well distributed and ample in volume. 
Trade flourishes, there is contentment in the villages and in due course the officials 
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connected with finance have tlie pleasant duty of announcing citluu* the remission 
of taxation or suggesting us(‘iul schemes on wliich the surjdiis revenue can he spent. 
All this follows because water is one of the limiting factors in the growth of erojys. 
Hence the development of canal irrigation from rivers to suj>plem( nt the rainfall. 
At first sight, all that seems needed is that the engineiu's should dam a river and dis- 
tribute the impounded water over the country-side accoiding to a time-table. The 
factor — shortage of water — which limits production can in this way bt‘. removed. 
For the canal to jyay its way and to bring in the greatest revenue, the water has to 
be distributed so that the most ex})en8ive crops like cotton and sugarcane can 
be grown. This involves fairly frequent waterings so that there is no cessation of 
growth between sowing and harvest. Hence the institution of perennial irrigation 
and the concentration of the cultivated area commanded so that the highest duty 
of the water and the maximum revenue can be obtained. When, how ever, we care- 
fully compare the growth of the s^lme crop under canal irrigation and under normal 
rainfall, interesting differences can at once be detected. The, irrigated crop as a rule 
does not ap])ear to be quite at home. Hipening is frequently delayed and the quality 
of the produce is a])t to be irregular and inferior. Furtluu-, the standard of cultiva- 
tion under a canal tends to deteriorate. After a few years, the producing ])()wcr of 
the soil falls off ; jyatches of alkali land often a.jyjx'ur and grow' in size and there is a 
tendency for the villag(‘s to become malarious. (hm]>ar('d wdh the ]yest wTll-irn- 
gated regions or with localities where th<‘ cro])s arc' grown on the natural rainfall, 
the well-being of both plants and animals on the jyerennial canal leaves a good deal 
to be desired. Canal irrigation in the Imnds of the cultivator seems to })ut a brake 
on the wheel of life. In some jdacea, as for example on tlie Nira canal in Bombay, 
the wheel of life is brought to a standstill altogether by tlie land becoming a wilder- 
ness of alkali on which nothing can grow\ ILtc the canal has produced dead soil. 
How" is it that things have gone wrong and why is tht're this ditference between ex- 
perience and theory ? The answer is to b('. found in th(^ fact that rainfall and canal 
irrigation arc different tilings from the ])oint of view of the ])lant. It is true that 
rainfall and irrigation have one factor in common, nanudy, the ])rovision of water. 
In almost every other respect, however, they are quite different. Rain is a saturated 
solution of oxygen in water, and usually rcaclH'sthe soil so slowly and at such long 
intervals that it does not destroy texture to anything like the same extent as canal 
water does. Moreover, it sujiplies the soil w'ith oxygen in a highly effective form. 
Canal water is much poorer in oxygen, it destroys the tilth and the total jieriod of 
its application to any particular crop is only a matter of an hour or two. Further, 
when the surplus irrigation water cannot flow away underground there is a gradual 
rise of the sub-soil water-level which may reach almost to the surface. Small as 
these differences at first sight appmr, nevertheless they are sufficiently important 
in the course of a few years to bring about a marked fall in the fertility of the soil. 

Why there should be such a tendency towards intense malaria, when dry crops 
are grown under canal irrigation, is a matler which has not yet been satisfact/orily 
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explained. Is it merely due to the accumulation of surface water providing breeding 
grounds for mosquitos or is a part of the answer to be found in the lowered resis- 
tance of the people t Have the wheat and other food-grains, produced under canal 
irrigation, the same food^value as those grown under natural rainfall or with the 
help of wells ? Do the nutritive and vitamin values of food grains vary with the 
conditions of their growth ? Science cannot at the moment answer these questions, 
but there are indications that the food value of the same cereal depends on the 
conditions under which it is grown. This matter urgently calls for careful investi- 
gation. M^cCarrison working in Madras, was on the eve of throwing light on these 
questions when his researches were brought to an end by retrenchment. During 
the course of an exhaustive enquiry into the food value of the rices in common use 
in India, this investigator found the various kinds differed considerably in nutritive 
value. No reason for this could be detected in their chemical composition and it 
appeared that the differences might be due in part to their vitamin content. As 
rice was not available at the moment, the matter was put to the test of experiment 
using the same kind of millet from the permanent experimental plots at the Coimba- 
tore Experiment Station. These plots have been in existence about fifteen years 
and have been manured in various ways. In the feeding experiments on animals, 
the millet grown on soil manured with cattle manure was more nutritious and con- 
tained more vitamins than that grown on soil manured with artificial manure ; that 
grown on exhausted soil being the worst of all in these respects. McCarrison whites 
“ I was in the middle of this work when my researches came to an untimely end owing 
to financial retrenchments in India, so I was not able to repeat the experiment r or t\- 
extend them to other grains.” That there does exist a definite relationship betw^^en 
the incidence of malaria and the way crops are grown is suggested by the observa- 
tions of Bentley in Bengal. In this province, the prevalance of malaria and the 
inundation of the rice areas are closely connected. In such tracts as Eastern Bengal, 
which are subject to annual inundation, the rice crops are exc^ellent, there arc practi- 
cally no waste lands, the population is large and malaria exists to so slight an extent 
as to be almost negligible. In parts of Central and Western Bengal, however, 
quite a different state of things exists. The greater part of the Districts of Nadia, 
Murshidabad, Ilooghly and Burdwan have been deprived of the natural inundations 
to which they were once subject by the construction of river-embanbments. In the 
old days, 60 or 70 years ago, these embankments were kept in such bad repair that they 
did not prevent flooding of the country and their harmful effect was not apparent. 
When they were made really efficient barriers to the inundation, the protected areas 
began to suffer in several ways. The fertility of the soil diminished, the area of 
waste land increased, population declined and with it malaria increased to an appal- 
ling extent. Where rice is grown to perfection there is little malaria ; where the 
crop is cut off from the necessary inundation, malaria is rife. In all probability tin- 
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same rule applies to dry crops like wheat. It may easily prove to be that the in- 
tense malaria which often follows in the wake of the canal in North-West India is 
not altogether due to the mosquito but is a consequence of the lowering of the quality 
of the food -grains grgwn under canal irrigation. The subject is one whi( h calls for 
early investigation, and it is hoped that McCarrison’s interesting woik on the in- 
fluence of soil conditions on the nutritive value of the chief food-grains of India will 
be continued, and that the investigation will be widened to embrace the effect of the 
quality of wheat on resistance to diseases like malaria. 

Of equal importance to the increase in malaria is the deleterious eflect of canal 
irrigation on the fertility of the soil. When the desert is conquered by the canal, 
all goes well at first and large crops are raised with a com]>aratively small volume of 
irrigation water. As time goes on, however, the soil particles fall into a condition of 
closer and closer packing and as the natural texture of the desert soil is lost, more 
and more water is needed by the cultivator to raise his crops. Defective soil-aera- 
tion soon becomes a limiting factor in growth. The yields begin to fall off with 
surprising rapidity as is shown by the results with wheat at Mirpurkhas in Sind. 
The next stage is the a])pearance of alkali patches which slowly increase in size till 
the land goes out of cultivation. The rate of transformation of j)ctential]y fertile 
desert soil into useless alkali land is, oilnu' things being equal, inversely proj>ortional 
to the size of the soil particles. (>pcii, j orous soils are not affected to any great 
extent by peuennial irrigation. Close, heavy soils, containing a high proportion of 
fine particles, are, however, particularly prone to develop the alkali condition. 

Very little progress in the prevention and cure of alkali soils has beem made up 
to the present in India. All attciu])t8 to reclaim these soils on the large scale have 
proved to be impossible on economic grounds. Further, almost nothing is known of 
the causes which produce the alkali phase. The conventional view that alkali soils 
are the natural consciqueiice of a light rainfall, insufficient to wash out of the land the 
salts which always form in it by the progressive wc'uthering of the rock ])owder of 
which all soils largely consist, is ])ersistently reiterated. Hence alkjtJi lands air 
considered to be a natural fc*.ature of arid tracts like the Iffinjab and Sind where the 
rainfall is very small. These ideas on the origin and oceiirrence of alkali land, how- 
ever, do not correspond with all the facts. Alkali soils are common in the sub- 
montane tracts of North Bihar where the rainfall is between 50 and 60 inches. Arid 
conditions, therefore, are not essential for the production of these salts ; heavy 
rainfall does not always remove them. What does appe.ar to be a necessixry condi- 
tion is defective^oil-aeration. Whenever the air sujiply is cut off by tlui constant 
surface irrigation of stiff soils or by other causes, alkali salts sooner or later a])poar. 
If these barren areas are examined, tliey arc frequently found to contain the bluish- 
green markings which are associated with the activities of anaerobic bacteria. These 
organisms app(3ar to bring about a reductive phase in the soil which involves the for- 
mation of substances like sulphuretted hydrogen and the metixllic sulphides. When 
circunx^tauces alter and oxidation again takes place, the salts of alkali land- the 
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sul])hate, chloride and carbonate of sodium — are produced. That the origin of alhali 
is due to defective soil-aeration which slowly establishes an anaerobic soil flora is 
supported by a large number of facts and observations. In the alkali zone of North 
Bihar, wells have to be left open to the air otherwise the water is contaminated by 
sulphuretted hydrogen, thereby indicating a well marked reductive phase in the deep 
soil layers. In a sub-soil drainage experiment in the Nira valley, Mann and Tam- 
hane found that the salt water which ran out of these drains soon smelt strongly of 
sulphuretted hydrogen and a white deposit of sulphur was found at the mouth of 
each drain, proving how strong was the reducing action in this soil. Here the reduc- 
tive phase in alkali formation was actually demonstrated. After drainage and 
aeration were established, the conditions necessary for alkali production were removed 
and the original texture and fertility of the soil were restored. These and many 
other examples point to the supreme importance of further investigation of the 
origin of alkali lands in India and the discovery of the conditions which are necoFsary 
for their formation. Once this is known, it will be possible to shape our irrigation 
policy so that the water can be made use of without lowering the permammt fertility 
of the country-side. Such an investigation is jiarticularly necessary in India at the 
present tin e in view of the pending development of canal irrigation in Sind. A 
barrage is being thrown across the Indus below Sukkur, and a system of intensive 
perennial irrigation was at one time contemjilated for the growth of crops like col ton 
and wheat. The soil, however, is much closer in texture than that of tlu^. Canal 
Colonies of the Punjab, there are no deep sand layers to assist ])ercolation, and the 
level of the sub-soil water is comparatively near the surface. Tliere is therefore 
every reason to fear that the soil conditions of the area command< d by the Sukkur 
barrage are such that intensive perennial irrigation will produce a vast ex] anse of 
dead alkali land.^ Such a disaster can probably be averted by altering the method 
of distribution so as to give the land as much rest as possible from irrigation. A 
new method of irrigation must be evolved (intermediate between the modern 
perennial system and the old basin method) by which irrigati: n and soil-aeration 
can be combined. This is one of the results which is expected from the new Irriga- 
tion Experiment Station in fSiiul which has just been sanctioned by the Govern- 
ment of Bombay. 

The effective addition of water to make up for a deficient rainfall is therefore not 
a simple matter. It lies far outside the province of the engineer and embraces not 
only the health and well-being of the jieople but also the main facts of rural economy 
as well as the problem of the maintenance of the fertility of the soil. Such questions 

1 In his Irrigation and Drainage (London, 1900) King concludes an interesting discussion of this 
question in the following words, which deserve the fullest consideration on the part of the irrigation 
authorities in India. “ It is a noteworthy fact that the excessive development of alkalies in India 
as well as in Egyi)t and California, are the result of irrigation practices modem in their origin and modes 
and instituted by people lacking in the traditions of the ancient irrigators who had w orked these sane 
lands thousands of years before. The alkali lands of to-day, in their intense form, are of modern origin, 
due to practices which are evidently inadmissible and which in all i>robability were know^n to be so by 
the people whom our modern civilisation has supplanted.** 
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do not fall witWn the limits of any one science, and it is obvious that their solution 
can only be accomjdishod by investigators of great ex])erience, ca])able of bringing 
several sciences simultaneously to bear on these problems. 

Diseases of plants. 

When we turn to the biological aspects of agricultural work, the great com j)l exit}" 
of the subject and the interaction of the fields covered by the separate sciences, 
become most apparent. In following the growth of a crop from the seed, many 
branches of natural science are involved. The food materials provided by the 
soil are prepared by bacteria ; drawn into the ])lant and transported by physical 
means ; elaborated into useful products by chemical processes while the resulting 
growth produces organs which are studied by the botanist. Biological questions 
are therefore a complex of all sciences. Many of the ])roblems of agriculture, parti- 
cularly in the tropics, cen re round the growth of the plant. How closely this com- 
plexity influences the successful solution of agricultural problems is seen wlien wo 
consider the diseases of plants. 

In recent years perhaps more attention has been paid to the diseases of crops 
than to any other branch of agriculture. One reason for this would appear to be 
that the detailed examination of the insects and fiingi concM^rned in ])lant diseast s 
can easily be carried out by specialists in an ordinaiy laboratory and do notinvohe 
much equipment. In 8})ite of the vast literature on diseases which has accumu- 
lated as a result of the researches of tlu^ last thirty years, agricultural practice lu's 
been remarkably little influenced. This result at first sight a})pears surprising. 
It seems so obviously the right thing to ascertain the nature of the pest and to attack 
its weakest and most vulnorabh; ])hase. It is, however, now being recognized that 
direct attack by assault and battery \i>. nearly alw ays useless and economic ent on ology 
and mycology arc becoming transformed into plant pathology, thus bringing these 
subjects into line with the new develo])ments in medical thought. 

The moment w"c begin to study the diseases of i)]anls from a broad standjjoint 
it becomes apparent that a great deal besides the life-history of the fungus or of the 
insect is involved. The variety of the particular cio]> is perhaps more impoitant 
than the parasite and the eJIect of the environment in both is often very considerable. 
Tha - the insect or the fungus is only one factor in the ])roblem is seen when large 
numbers of unit species, belonging to several varieties of a cro]) like wheat, aie 
grown side by side under similar conditions for a number of years. The resistance 
of the unit species to the various rust fungi differs widely. Some unit species aie 
practically immune, the rest are attacked to varying degrees. Although there is 
always plenty of infecting material, the immune types escape. 

It has not yet been possible directly to discover on what the immunity of ceitain 
species, varieties and unit species depends, but some light is thrown on the subject 
by another set of observations. It has frequently been noticed that impropu’ 
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methods of agriculture are almost certain to be followed by attacks of disease even 
in cases when the variety possesses a fair degree of disease resistance. Moreover, 
it has been found possible to induce experimentally attacks of disease by altering the 
conditions of growth. Thus einkorn {Triticum monococcum L.), the most rust re- 
sistant species of wheat known, became covered with pustules of black rust (Pt/c- 
cinia graminis Pers.) when grown during the hot season at Pusa. By altering the 
time of irrigation at Quetta, peach trees could be covered with green-fly whilst 
neighbouring trees of the same variety, watered ncrmally, remained free from this 
pest. Researches in other parts of the world tend to show that this and allied results 
follow alterations in the chemical composition of the cell-sap brought about by 
changes in the general metabolism induced by the altered methods of cultivation. 
The pest will only become acute if certain substances are present in the cell in quantity 
— a close parallel with the recent work on cancer in Great Britain. 

Twenty-five years ago detailed studies of the insect and fungiis diseases of the 
sugarcane were the chief feature of the Avork of the sugar experiment stations in 
Java. These are now no longer considered necessary, as experience has shown that 
the best method of dealing witli sugarcane diseases is by the efficient cultivation of 
suitable varieties. To grow the right kind in the right way is found in practice to 
be the most important factor in the control and elimination of the pests of the sugar- 
cane. This experience is most significant. The Java sugar industry is perhaps 
the high-water mark of tro})ical agriculture and owes its present position to various 
natural advantages which have been developed to the utmost by the efforts of a 
succession of highly qualified scientific investigators who have cxj)lored, in the 
greatest detail, the various directions in which the ])roduction of sugar can be in- 
creased. It is most significant that as the investigation of sugarcane diseases 
became broadened and included all the factors, direct methods w^ere given up and 
attention was directed solely to the variety and to its proper cultivation. This is 
after all only common sense. Disease follows the breakdown of the noTinal physio- 
logical processes in the plant wffien the protO] lasm of the tells loses its power of 
resistance to the inroads of parasites. Healthy plants, on the other hand, possess 
a high degree of immunity to insects and fungi. It is obviously more practical to 
prevent disease altogether by growing the right kind in tlie right way than to stej) 
in at the last moment and attempt to save a moribund crop. 

The problems which centre round irrigation and disease are typical of those which 
now await solution by the man of science. They arc not simple questions and they 
do not lie within the limits of any one branch of science. Each involves a number of 
factors, and it is obvious that the method of approach by means of the single science 
cannot hope to do more than accumulate data which may or may not be useful to 
some master-builder of the future. The approach by way of the single science is 
really an inheritance of the Liebig phase when agricultural chemistry and agricul- 
tural science v/ore synonymous. As the subject broadened and deepend, first one 
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and then another science became involved with the consequence that workers in 
these various branches of knowledge became colleagues of the agricultural chemist. 
The literature dealing with investigation and the teaching in the colleges and uni- 
versities naturally followed the separate sciences. When about thirty years ago 
Departnaents of Agriculture began to make their appearance in various parts of 
the Empire, the organization was modelled on the teachings of the colleges and the 
staff usually included a chemist, a mycologist, an entomologist, a bacteriologist and 
a botanist. As research extended, progress has always been marked by the addi- 
tion of specialists whose business it was to deal with the application of some parti- 
cular science to agriculture. Meanwhile the real subjects of research have far out- 
grown the old tradition founded on Liebig's work and the attack by means of the 
single science is no longer adequate. Some now method must be devised by which 
science (jan be more fully utilized in the advancement of agricultur(\ If we continue 
as at present the organization itself will soon become a bar to progress. The immediate 
question is : Is there any method other than that of the single subject by which 
science can deal with the problems of the cultivator ? 

How is the difficult}^ to be solved and how can science be brought to bear in a 
more effective fashion ? Several suggestions have been made of which it is proposed 
to discuss two, iiiiinely, team w^ork and a widening of the training of the investigator 
accompanied by a gradual re-organization of existing agricultural depaitments. 
The idea of team work in tlie solution of agricultural probhuns is a compaiatively 
recent one and is a recognition of the complexity of present day problems. Team 
work is another nanui for co-ojjeration by which w'orkers in single sciences can join 
forces to attack a complex question. It is a useful method for resc^arch institutes 
at which a number of graduates are w'orking as a})prentices in methods of research. 
By this means the j)ost' graduate student not only has the opportunity of using his 
own knowledge but also comes in contact with the essential nature of large questions. 
In agricultural research it is an excellent method for certain centres at which experi- 
enced investigators can direct and co-ordinate the efforts of advanced students. At 
the most, however, team work can do little more than make tlic most of a bad job. 
It breaks down when the members of the team are isolated and are placed face to 
face with problems in the strange places of the earth, w^liere the sheltered corners 
created by the universities and by the endowed experiment station do not exist and 
where the working conditions can be summed up briefly in the three words- — 'pay- 
ment by results. Further, team work does not help to make investigators who can 
stand on their own feet. It rather tends to provide a framework for accommoda- 
ting the unit very much as a regiment does. Another disadvantage is that to be 
effective team work always requires somebody to lead the team and to maintain 
direction. It also needs suitable material to lead. Team work in other countries 
is no new thing. It has long been common in the universities of the Continent 
where recognized leaders are frequently surrounded by young graduates eager to 
learn how to make the best use of their knowledge. At many of the Continental 
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univeraties, teiun work was in operation long before the term began to appear in our 
own literature. It is, however, in the study of biological problems that team work 
is most likely to fail. As emphasized above, the growth of a living oiganism lil<e 
a plant involves many of the natural sciences, and it is diflicult to see how team woik . 
is to give that insight into vital ])roces8es without which all such research remains 
sterile. A successful biological investigator must be able to visualize the compli- 
cated processes taking place in a plant, and to realize that such processes do not take 
place independently but that each influences the other. That this is being recognized 
is shown by the modern development at the universitii^s of border line subjects bke 
bio-chemistry, but what is wanted is something more than this ; it is an integration 
in the mind of the investigator of the main facts of the chief sciences which bear on 
agriculture. 

An alternative to team work in agricultural invcistigation is to so widen and deepen 
the training and post-graduate experience that tlu^ individual can successfully attack 
f)roblem8 now attempted by the team. At first sight, such a suggestion is liable 
to be ridiculed and set aside as utterly impracticable. Nevertheless 1 am convinced 
that it is the direction in wliich [)rogre8s is most likely to be made. In putting these 
ideas into practice, however, we are at the outset confronted with a great difficulty. 
On the one hand, we have to train our future agricultural investigators in several 
scienc(58 so that they can bring knowledge to bear on the j)roblem in hand from several 
points of view. On the other hand, as knowledge accumulates there is so much to 
learn that men liave to specialize in otiC branch of science in order to avoid too long 
a period of training. There are thus two opposing tendencies to be reconciled. 
Men who can integrate and who can apply several sciences to an art lik<^ agriculture 
are constantly needed for all kinds of applied work. To advance ])ure science the 
specialise is also essential. How far can these two different (^lasses be trained toge.tlier 
and at what point must they begin to follow different roads ? This is a matter of 
organization of teaching in the universities. It is one wliich needs the most careful 
thought and one which will have to be solved if we are to reap the full harvest from 
the application of science to industries. Up to the present, the a})plication of science 
to agriculture, although successful in many instances, nevertheless has not always 
led to useful results. If only the training could be broadened and the right type of 
man with the ideal combination of knowledge and aptitude could be set to work on 
the problems of to-day, it ought to be possible to accomplish more in the next genera- 
tion than has been achieved during the last hundred years. The })roblem8 have 
been d(dined and are before us awaiting solution. The scientific knowledge and the 
ability (^xist in the great republics of lo^lrning. In many cases the means for doing 
the work have been })rovided. What is needed is the hap])y union of all these factors 
— tlio trained investigator, the problem and the means. 



CO-OPERATIVE MOVEMENT IN INDIA .♦ 

By 

H. CALVERT, C.I.E., B.Sc., LC.S., 
Commissioner^ Rawalpindi Dinsion. 


In 1918, when the last Conference of Registrars was held, we were still engaged 
in the task of adopting the recommendations of the Maclagan Coniniittee on Co- 
operation, and the last formal resolution of that OonfcTonce was one expressing our 
liigh appreciation of the work of that Committee and of the excellence of its r(>])ort. 
The experience of seven more years* strenuous labour brings us, 1 venture to think, 
in still better position to appreciate the great value of the work done by that Com- 
mittee, and to testify to the good influence its report has exercised on the grov th 
of a sound movement in India. 

Since the last Conf(*rence, tliere has been a threefold increase in tlio number of 
societies, in capital, and in membershij) ; and the total sum of ])aid up capital and 
reserves has risen in a manner and to an (‘.xtent whi(*h is highly satisfactory. But 
this period has s(a>n comparatively little change in tli(‘ Act, tlie rules or tlie essential 
bye-laws, and I think you will all agree with me that the growing ex})erience of 
India bears a most nmiarkable tribute to the excellence of the scheme for village 
credit societies which will for ever be associated with the name of Raifleisen. It is 
a rnitter for thought tliat while so many people of education and intelligence are 
devoting time and labour and talk to the framing of a constitution for this sub- 
continent, the hope of the peasantry is bound up with the constitution of a little 
village association. The Raiffeisen type of societies has ])roved so successful here, 
that wm may well see in it a message of hope ; for if Germany, after fifty years of 
effort on co-operative lines, was able to break the power of the money-lender and 
gradually convert her societies from credit to thrift, there should be good reason 
to expect that similar efforts will in due time produce similar results here. I do 
not say that fifty years will suffice for India. The task here is so much the greater, 
and there are special obstacles peculiar to the country and its social system which will 
only be overcome by prolonged persistent efforts. The greatest enemies of the 
co-operative movement to-day are those of our friends who wish to force the pace, 
to rush on to quick results, and to advance without consolidating our gains. The 
development of the movement must depend on the character of the people and on 
the ability and capacity of the leaders. In one sense, our most urgent and our 

* Presidential Address to the Ninth Conference of Registrars of Co-operative Societies, Bombay* 
12thi January 1926. 
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greatest task is to discover suitable leaders and to train them in the work. But 
with the best of loaders, we must not expect to conquer the evil of usury in a single 
generation. Usury has been a topic of discussion in India from Vedic times ; it has 
been under regulation since the laws of Manu were promulgated, and its effective 
control and ultimate elimination are not to be achieved without more efforts than can 
be crowded into a single span of life. 

The great need of the country at this tijne is sound leiidership. It appears to 
be characteristic of India that while its history is rich with record of religious reform- 
ers, and with the stirring achievements of great warriors, it is sadly lacking in 
economic leadership ; and it is economic Icadershi]) which is required if ever wc are 
bo secure for the masses of this country a higher standard of living. Economic 
leadership is somewhat unexciting ; it lacks the ])assionate element which gives a 
bite to i)olitics and fire to a really first class ridigious controversy. It makes little 
appeal to the unthinking popula(*e, and it is left to those of us who have seen him at 
work in the countryside to realize what a diff(’‘.reiice a born lead(U‘ can make', to a group 
of villages in ten or fifteen years. 

I trust that you will bear with me if I attempt to e‘X]>n‘S8 briefly my own idea 
of the duties whicih must bo undertaken by the leaders of tlu^ eo-operativc movement. 
Our Act enjoins us to register societies whieli have as iheir objc^ct the promotion 
of the economic int(a'<^st8 of their imuiibers, and tliosc members must ))e agriculturists, 
artis<ins, or persons of limited means. In brief, we are called u])on to de^xl with 
promoting the econojiiic interests of the great mass of the ])C(>pl(^ of India- a truly 
sfcup bilious tisk. It is what his been called “ the staggering problem of Indian 
poverty witli which we arc culled iijxm to deal. I do not admit that ])ovorty is 
peculiar to this country or that it is here more intense than in many otJier places, 
but it is sufficient for our purpose to admit that tlie standard of living is deplorably 
low and that it rests with us to attemj)t our utmost to make ])rogres8 towards a 
way out. 

It seems to me that the first task is to study the case in detail, to analyse the 
causes and to discover remedies. We must become experts in the rural economics 
of our provinces, and we must se^irch far and wide for ideas and suggestions that 
may lead to solutions. It is the economic condition of the peojde we are concerned 
with, and it is their economic condition which wc must study. The mere number 
of the people is itself sufficient to show that we cannot deal with each individually, 
so that one essential is to associate them into gi’()U])B and tliese groups into higher 
groups until we have budt up a manageable organization. It is clear that reliance 
cannot be jdaced upon the agency of the State alone or of ])hilanthropi8ts for the 
accomplishment of a task so vast ; we must teach the pco])]e to help themselves 
and to help each other ; in short., without co-operation there is no hope for the people. 
Without (X)-operation, the present low standard of living of the great mass will never 
be raised to a satisfactory pitch. Many of the people, 1 admit, can be helped by 
other moans, but not the whole. Whether even with co-operation, the general 
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level will ever be raised to a decent standard is a problem for the future. Our task 
is to try. 

Our policy must be to educate the people to raise their own standard ; we must 
educate them in the widest sense : not merely to read and writ(', but to know, to 
understand and to put forth the effort. We must devise ways of overcoming the 
obstacles, and before we can do that we must study to discover exactly wliat those 
obstacles are. We must see w’hat there is available, and what there is lacking ^ 
In short, before we can teach the people the way out of their poverty, we must 
find the way out ourselves and that involves intensive study of the rural problem. 
The first qualification, then, of the leaders must bo a real mast(uy of the economic 
problems of the village. Co-o] 3 eration must, to a large extent, be adult education. 
The Agricultural and the Veterinary Departments in their field of work are engaged 
in the same task of adult education ; the Department of Public Health must rely 
upon the same policy, and I am glad to acknowledge the broad-minded efforts now 
being made in the same direction by our own Department of Education. 

Without adult education of the right type, this problem of a low standard of 
living will remain insoluble. Progress must be by education. And it is upon 
education that we must rely for success. Those who hanker after quick results arc 
apt to put their trust in amendments of the Act or the rules, in summary procedure 
or even in compulsion ; but, even at the risk of raising a note of discoid, 1 must 
give expression to my opinion that there is nothing good or lasting to be gained 
that way. Our members must do what is right, because they know’ it is right and 
have been educated to understand that to do wdiat is right is the truest loyalty to 
themselves, their neighbours and their country. 

Our leaders then must realize that their economic end must b(' gained thiough 
the education of the people : education in the positive directions of better cultiva- 
tion, better animal husbandry, better buying and better selling j and also in those 
negative points, abstention from the money-lender, from un})r()ductivo borrow- 
ing, from waste and extravagance. And here we touch upon what may prove 
the most difficult problem of all. 

The general ideas prevalent in this country are essentially uneconomic. The 
prevailing customs and sentiments, some fortified by religious fee’iiig, make up a 
burden beyond their power to bear. We need not seek beyond them for the causes 
of poverty. Ideas that were suitable enough for a pastoral ag(‘. wlieii tlie poj)ulation 
was sparse and wild produce of the forest was abundant still hohl sway, and to 
dispel these wc must enlist the social reformer on our side. It is hardly sufficiently 
realized that no European country could avoid bankruptcy if some of these ideas 
were to spread west-ward. And there is little hope for a better India unless w^e can 
secure the acceptance of more economic ideas on matters of everyday life. It 
must be freely recognized that our ideal of better living can never be attained without 
something like a comp’ete revolution in the general outlook. There are millions ol 
people in Germany, France, Belgium and other European countries living upon 
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plots of land as small as those common here ; their lives are spent in un-remitting 
toil ; as has been well said, they have to live hard, work hard and save hard. It is 
a question whether the people here are willing to pay this price for a higher standard 
of life. If they are not, then the causes of that unwillingness must be searched for 
and exposed, and the attemjit must be made to educate them away. 

Our leaders must re<rlize that better living ” is the real goal of all our efforts. 

Better farming/* and “ better business ’’ are merely means to that end. Scientific 
agriculture is an essential means, but scientific agriculture will never achieve much 
amongst the masses without the education to make use of it. Ihacfcice always lags 
beJiiud knowledge, and it is for us to hustle practice up to a more neck and neck 
position. 

It is also for us to endecwoui* to ensure that tlie type of scientific agriculture 
evolved by the experts is suitable to the economic condition of the villages. We 
must try to foriii some concrete idea of what we mean by the phrase “ raising the 
standard of living,” or if you prefer it “ better living,” and must guide the better 
farming to that end. Wo must bring all our studies and our knowledge to the village 
and interpret tlie lessons in terms which have a meaning to the people. Unless we 
can do that, co-operation will be but an ein])ty phrase, and our leaders will see all 
the fruits of their labours consumed by an increase of population. If, however, we 
can work out concrete j)rogrammeB understanded of the people, then there is hope 
that the future will see a better and happier India. 

I do not thinly I am stating anything new when I stress the importance ofcrciiting 
a new outlook on life for the people. The extraordinary apathy towards improve- 
ment and towards ideas of a steady rise in the standard of living must be fought 
and defeated. Wo have ample experience of the attractiveness of the life of serenity 
and leisured ease. In the Punjab, the efforts of Government to afford opportunity 
to men to achieve a better standard of living in the canal colonies have been to a 
considerable extent frustrated by the refusal of the peo])le to work wlien their simjde 
needs can be met from rents. Many others who returned from the great war with 
savings have ceased to work at all and have become their own peiisionejs. Indus- 
trial leaders again have ample evidence of the tendency of their workers to leave the 
mill or the mine when they have collected savings sufficient to last for a period of 
ease. I need not labour the point as it is too well known to all of you ; but wo must 
recognize in this preference of leisure for to-day over bett(u* living for to-morrow one 
of the greatest dangers facing all attemi)ts to raise the general standard of the 
poorer classes. 

It becomes increasingly important that we should attempt to arouse a desire 
for better living through better farming and better business ; for a better life through 
greater effort and for a better India through self-help. The social reformer must 
be encouraged to do his utmost to attack the ideas that make for contentment with 
uneconomic conditions. It is a question whether the people of India respond to 
economic pressure in the way we find in Europe. It is, in my opinion, insufficiently 
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fecognized to what extent our civilization is based upon standards of work, of diet 
and of female labour forced upon us by centuries of strangling poverty. J^]urope 
is far too poor to afford the extravagances which here are accepted without 
remark. 

It may be that our Get-There-Quick enthusiasts may feel some disappointment 
that my only panacea for the poverty of India is fifty years of hard work, hard study, 
hard saving, and hard living ; but I feel confident that those who have devoted 
sufficient time to the problem will agree that no other policy holds out such sure hope 
of ultimate success. Already we can point to definitti progress. We arc gradually 
building up a sound system of rural credit which we hope will displace tlui vicious 
system which has persisted since the earliest times, and wo hope that this Confer- 
ence will facilitate the further development of this work. W’^e are trying to create 
credit for the benefit of the borrower, instead of the lender ; and we are tjying to 
teach the borrower the right use of the credit which is being placed within his ri acli. 
In several provinces, we are now attempting to initiate a land mortgage ]m]icy on 
sound lines, which we trust wall go far to abolish the worst evils of the right to en- 
cumber property which everywhere has proved a tem])tation too strong Jor the small 
owmer to resist. We are trying to link up our system of luial banking with the 
better known commercial banking ; success in this direction will bring benefit to 
both. At the moment we are far behind in business nic'thods, but if our education 
campaign makes good progress we should inspire greater trust in the minds of oin' more 
adviiucod neighbours. For the moment we ])lay tlu^ lesser j)art in the niovamicnt 
of crops, but that wall soon be reversed ; and the two systems w^orking in collaboration 
should be able to save much of the waste attendant upon the existing necessity 
of using actual cash. Some of our friends in the world of commercial banking do 
not understand how we can base credit upon character and mutual liability instead 
of tangible and saleable security, and it is for us to prove that this can be done with 
success. Here again, education is an absolute necessity, as it is upon the right type 
of education in credit that our hopes must be based. 

Then, there is the widely different series of problems connected v, ith development 
of small industries. Just as with the cultivators so wdth these, the joint stock 
banks cannot offer direct help, and w'e must leave tliem to the money-lender and the 
exploiter of labour, or come to their assistiince. The financing of these small indus- 
tries in accordance with co-operative principles presents special diflicultus, and we 
seem unable to travel far wdthout the expert aid of the Departments of Industries 
wliich must educate the workers to improve their outturn, it scorns to me extremely 
important that we should develop this side of our activities, for the simple reason that 
the larger pai*t of the problem of Indian poverty consists in finding prolitable em])loy- 
ment for the extensive leisure of the people. The ideal of wmrking foj* half the y ear 
and that other ideal of office hours from 10 till 4 will never make India a great 
country. There must be methods evolved of finding profitable and productive 
employment for the leisure hours of all adult members of the family. The tiny 
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plots of land which the majority of cultivators attempt to subsist on will not provide 
whole time occupation for every one, and it is from the income of the spare time that 
we must expect to earn those extra amenities which make up a higher standard of 
living. The occupational caste system must go. The cultivators and their families 
here as in Europe must devote every spare moment to subsidiary industries or 
to work of a nature calcalated to ra’se the general standard. The raising of the 
standard of living means greater consumption of commodities or services, and the 
production of those commodities or services must find employment for the spare 
hours. It means a prolonged campaign of education, but it is possible of achieve- 
ment. 

In the above, I am afraid, 1 have been rather hard on the politicians. I have 
said nothing about them. I am afraid that there is little likelihood of any one of 
them putting “ fifty years’ hard work ” as the first plank of his programme, and 
we must not be too hard upon them if they select something more attractive. They 
can assist by adhering strictly to sound economics, and by avoiding popular panaceas 
which only lead to heavy economic loss. They can assist by insisting upon the 
teachings of experience and research, and by avoiding that indulgence in sentiment 
which is the bane of progress. They can assist by adopting all measures calculated 
to preserve internal and external peace, for without this we shall never develop 
that feeling of certainty of reaping the reward of extra effort which alone will 
prove sufficient stimulus. They can assist by accepting and acting upon the 
doctrine that this country will never advance far along the path to better 
living without vast expenditure on scientific research, propaganda and 
education. 

India is far too poor a country to be able to afford economy in such matters ; 
a wise expenditure will pay better than narrow-minded cheese-sj aring, and our 
political friends can render valuable service in explaining this to the less educated 
of their followers who demand economic suicide in the hope of a little evanescent 
popularity. Further, our politicians can serve our movement by leaving it outside 
their polemics. We want no politics in Co-operation. 

Gentlemen, I trust that one result of our deliberations this week will be to 
encourage us to work yet harder and with renewed faith for the uplift of the agri- 
culturists, artisans and persons of limited means in this country. Of discouragement 
we have more than enough, and we all admit a goodly share of failures, but I think 
we all have found grounds for hope in the future. I think the reports on progress 
in different provinces will provide material for an optimistic view. Our best societies 
show us what can be achieved, and if you consider that every province has something 
good to show, we ought to be able to multiply the best by careful education. What- 
ever else, we must always bear in mind that the whole object of the movement is 
to benefit the individual members of our primary societies ; everything else is subor- 
dinate to that end, and in our discussions I trust that we shall not allow ourselves 
to be diverted from the interests of our members to the admiration of some second- 
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ary or central body. I trust further that we shall not wander into the controversy 
of official or non-official control ; the man at the bottom is the person that matters ; 
there is work for all, non-official and official ; our one wish must be that that work 
be done. 



THE SUPPLY OF SEED OF IMPKOVED VARIETIES OF CROPS 

FROM PUSA. 


BY 

P. J. F. SHAW, D.Sc. (Lond.), A.R.O.S., P.L.S., 

Officiating Imperial Economic Botanist^ Pusa, 

The work of the Botanical Section at Pusa during the past twenty years has 
resulted in the production of improved races of several of the more important field 
crops. This work was carried out under the direction of Mr. and Mrs. Howard, 
the late Imperial Economic Botanists, and the seeds of these improved varieties 
were by them widely distributed throughout the agricultural areas to which they 
were suited. A large part of the Botanical Area at Pusa is still devoted to the 
production of seed of these races, and a quantity is available for distribution every 
jefiT. The following is an account of the seed which are available with a few notes 
on the characters of the different types. 


1. Wheat. 

There are three types of wheat available for distribution — Pusa 4, 12 and 62. 

Pu^a 4 is an early wheat of good standing power and rust resistance ; it is beardless 
and has an exceptionally large grain with felted glumes. In a normal year in Bihar 
it should be^sown at the end of October at the rate of 1 0 see! s* per acre; this relative- 
ly high seed rate is necessary as this wheat does not tiller well and possesses a large 
heavy grain. Pusa 4 is well suited to the climatic and soil conditions of Bihar, and 
has also*^done well in the Bundelkhand districts of the United Provinces and in the 
N.-W.F. Province. In Australia it took the First Prize at the Royal Agricultural 
Show at Sydney in 1916, 1918 and 1920, and is one of the wheats regularly distributed 
by the Queensland Agricultural Department. It also gained a special prize at the 
Pood Products Exhibition at Calcutta in January 1920. Pusa 4 will grow and yield 
well under minimum conditions of soil moisture ; being an early maturing variety 
of low tillering capacity it generally yields less heavily than other Pusa wheats, but 
under favourable conditions very heavy yields have been recorded from this wheat. 
In the Botanical Area at Pusa yields of grain of 36 maundsf per acre were obtained 
in 1926, an exceptionally favourable season of optimum moisture conditions, and 
in 1920-21 a yield of 40| maunds per acre was obtained under estate conditions at 


* 1 Bccr = 2 lb. 1 1 ind. = 80 lb. 
( 190 ) 
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Bhagalpur. In the United Provinces in 1921 this wheat yielded 26*4 maunds per 
acre over 15*6 acres. Pusa 4 may be recommended to cultivators wherever an early 
ripening variety of low water requirement and good grain quality is required. The 
grain has a thin skin and contains a high percentage of flour ; as a result of this thin 
skin it is liable to lose its power of germination unless properly stored during the 
rainy season. 

Pusa 12 is later in ripening than Pusa 4, and is a beardless wheat with smooth 
red chaff and good straw. The ears are somewhat longer than those of Pusa 4, and 
the grain is lighter in weight than that of Pusa 4. This wheat tillers well and a 
seed rate of 30 seers per acre should be sufficient. It is well suited to the climatic 
and soil conditions of the United Provinces and the Punjab, and has been successful 
in Bihar. It is a heavy yielding wheat, and in the United Provinces in 1921 yielded 
26J maunds, per acre over an area of 50 acres. In Bihar Pusa 12 appears to be 
inferior in rust resistance to Pusa 4, but is better in this respect than other local 
wheats. 

Pusa 52 is a new whoiit produced by hybridization, in which the high yield and 
bearded nature of one parent (Punjab 9) is combined with the high quality of rust 
resistance of the oilier parent (Pusa 6). The grain is slightly smaller than that of 
Pusa A and tlie chaff is smooth and w’^hite. The stra^v is strong and in Bihar this 
whoRt stands w^ell and is resistant to rust ; it is a heavy yielding wheat and in the 
Botanical Area has given 27 maunds per acre over an area of 4 acres. This wffieat 
tillers w'cll and should be sown at the rate of 30 seers per acre. It has not }^et been 
distributed on the scale of Pusii A and Pusa 12, but on account of its bearded charac- 
ter probably has a wide }U)]nilaTity before it ; it is considered that it wrill prove 
especially suitable lor North Bihar and also in other provinces wdierc' Pusa 12 has 
given good results. 


2. Linseed. 

Many different types of this crop have been isolated at Pusa. and two of these 
appear to be especially suitable for growth in North India. The Indian linseeds 
fall roughly into two classes, the deep-rooted large-seeded types which are adapted 
to the soils of Central India and the shallow -rooted small-seeded types w hich are 
suited to the Gangetic alluvium. The two types which aie considered to be the 
best for the North Indian soils belong to the latter class. 

Tyjtc 12} A late flowering, much branched type, very erect, crowded and com- 
pact in habit, with dark green foliage. The flowers are white and the seeds small 
and brown. 

Ty'pe 121^. This type is medium in maturity and resembles Typ(3 J2 in^^lialdti 
but the flowers are violet. The seeds are small and brown. 


» Mem. Dept. Agri. India, Boi. Scr., Vol. XU, pi>. 150 & 170, 
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In a series of comparative tests in 1923 both these types gave yields of 40>60 
per cent, above that of the local variety, and in 1926 in the Botanical Area yields of 
14| maunds per acre from Type 12 and 16 maunds per acre from Type 121 we^e 
obtained. 

3. Gram. 

Of the 26 types of gram which have been isolated at Pusa, two, Types 17 and 25, 
are available for distribution. 

Type 17^. A late ripening plant of .somewhat spreading habit ; leaves w.th a 
yellowish tinge and slight redness on the apices of the teeth of the leaflets, midrib 
reddish. Flowers pink with violet wings, seeds reddish or yellowish brown. 

Type 25} This plant ripens earlier than Type 17 and is more erect in habit. 
Foliage is dark green and the flowers pink with a deep red shade ; seeds reddish 
brown when fully ripe. 

The best yields from these grams are obtained on light, high lying, well-drained 
soils which are not in very good condition as regards fertility. In Bihar sowing 
should be rather late, about the first week in November, by which time the light 
lauds will have lost a good deal of their moisture. In 1925 in the Botanical Area 
tliese grams gave yields of 26 maunds of grain per acre. 

4. Tobacco. 

The seed of Pusa tobacco type 28 is available for distribution. This type is an 
isolation from the loca' crop and should be sown, transplanted and cultivated 
according to the h eal practice in Bihar. The plant is relatively hardy and the leaves 
are thin in texture but stand up well clear of the ground ; as many as 1 4 to 18 leaves 
may be obtained from a single plant and a yield of from 10 to 15 maunds of dry leaf 
per acre can be obtained according to the quality of the soil and the care bestowed 
on its preparation. This tobacco is specially suitable for cigarette manufacture, and 
large quantities of its seed have been distributed among the ryots of Bihar by the 
Indian Leaf Tobacco Development Co. The following is a description of the plant : — 

Plants'^ very late, tall ; height 159 cm. ; leaves numerous ; plants bushy ; lower 
internodes very short, causing many leaves to lie on or near the ground, upper 
internodes very long ; inflorescence much raised on numerous long, slender branches ; 
flowers sparse. Leaves sessile, inserted at an angle of about 45°, and bend down- 
wards from the centre of the leaf, amplexicaul, decurrent for 4 to 7 5 cm., the decur- 
rent strip of lamina very narrow ; shape elliptical ; breadth of the leaf decreasing 
with its position up the stem, lamina much reduced in the basal third of the leaf ; 
apex acuminate ; secondary veins arise at an angle of 45°, veins much lighter in 
colour tlian the lamina, and therefore very conspicuous ; margin very undulate ; 

^ Mem, Dept. Agri. India^ Boi, Series, Vol. V[I, pp. 232 & 233. 

2 Mem Dept. Agri, India, Bot. Series, Vol. Ill, p. 134. 
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surface puckered, lamina raised between the secondary veins, giving the appearance 
of folds or ridges ; leaf not expanded but folded on the midrib ; colour glossy bright 
green; texture medium to thick ; average length 50 cm. ; ratio length I breadth 2*5. 
Inforescencj leaves very similar to the lower leaves excej^t as regards their shape 
which is lanceolate. Inflorescence much raised on long slender branches which are 
somewhat spreading in habit. Flowers sparse, a very deep pink colour which does 
not fade ; length 45 mm. Calyx tubular, inflated, a little less than half the length 
of the corolla ; teeth short and acute. Corolla with an orifice 8 mm. in diameter, and 
a fairly broad tube, the transition between the tube and the dilated portion gradual ; 
limb divided to about half its depth with folds at the junctions of the lobes ; lobes 
rounded at the base ; apical points short ; limb never fully expanded. Capsule a 
little longer than the persistent calyx, cylindrical ; apex blunt. 

The anthers burst in the bud when just above or just level with the stigma. 
In the open flower they maintain their relative positions and are below the orifice 
of the corolla. 


5. Hemp {Hibiscus cannahinus L.) 

This fibre plani- is widtdy cultivated throughout India for local consumption, 
and several types have been isolated at Pusa. Type 3 is a tall unbranched variety 
which appears to be well suited to the climate of Biliar and North India ; it is a 
heavy yielding type and the seed is available for distribution in small quantities. 
The following is a description of the plant : — 

Plants^ fairly early, very robust, setting much seed. Stem tall, stout, prickly, 
red except the upper 6 or 7 inches which remain green. Stipules green. Leaves 
palmately divided into 3-7 (usually 5) lobes, a few are simple and subcordate, the 
upper leaves lanceolate, green ; margins red ; petiole red. Peduncle green. Epi- 
calyx green. Sepals green with a few red spots. Corolla yellow with a crimson eye. 
Seedlinys somewhat small, stem red ; petiole red ; cotyledonary leaves green. 

The quantity of the above seeds which is produced yearly in the Botanical Section 
is limited, and indents from intending purchasers should be addressed to the Imperial 
Economic Botanist, Pusa, Bihar, and should be sent in before April, as the bulk of 
the seed is disposed of immediately after harvest. 


^ Mem, Dept, Agri. India, Bot, Series, Vol ]V, p. 21. 
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BY 

W. SMITH, 

Imperial Dairy Expert, 

The development of co-operation amongst the agricultural classes in India has 
been largely done by Government officials at Government expense, whereas in many 
countries where agricultural co-operation has made great progress, the movement 
has been initiated, guided and financed by public-spirited private citizens actuated 
by patriotic motives, and the countries where this form of patriotism has proved 
of greatest benefit to agriculturists are generally those where the land is cultivated 
by small holders either owning the soil or having a right of tenancy thereto. The 
application of co-operative principles to rural development in such countries has taken 
many forms, agricultural credit being probably the foremost ; but next in importance 
to co-operative finance it may be safely said comes co-operative effort in the de- 
velopment of the dairy industry in those small holding countries which have applied 
co-operation to the solution of their rural problems. 

India is a country of small holdings cultivated by peasant proprietors or those 
having recognized tenant rights, and although agricultural co-o]>oration hc.s made 
great progress in many directions in this country, yet up to the present no serious 
attempt has been made to develop the dairy industry along co-o])erativc lines. This 
is probably due to many causes ; amongst them the fact that the cow-owner classes 
in many parts of the country are ignorant and generally wholly in the hands of the 
money-lenders, and naturally those responsible for the conduct of Government Co- 
operative Departments set themselves to provide facilities to enable the Gowala 
to obtain freedom from the thraldom of the usurer before they attempted to assist 
him to develop the technical side of his business. Meantime the dairy industry and 
with it the cattle-breeding industry (for the two ar(i unavoidably bound together) 
gocB from bad to worse. Milk becomes dearer and dearer in the urban areas. In 
many of the villages the poor cannot obtain it at all, and the quality of the white 
liquid offered for s^ile in the cities as milk is an insult to the name of the cow. 

The best remedy for this deplorable state of affairs lies, in my opinion, in the or- 
ganization of the milk producers into co-operative societies and the prosecution of a 
vigorous campaign for this purpose by the Co-operative Departments of all Govern- 
ments. 


♦Papr read at the Agricultural Section of the Indian Science CongrcBS, Bombay, Jiinuary, 19^6, 

{ 194 ) 



CO-OPERATIVE DAIRYING IN INDIA *. A PLEA 


195 


The extraordinary success which has attended the efforts of the Co-operative 
Department of Bengal in the organization of the village milk producers around 
Calcutta, and in the collection, handling and sale of the milk from these village 
cow-owners shows what can be done where the question is tackled by resolute men 
who have faith in the efficacy of their principles and methods, and there is no reason 
whatever why the example of the Calcutta Co-operative Milk Societies Union should 
not be repeated all over the country. 

Private enterprise with capital at its command has tackled the development of 
the cotton industry in India, The collection, grading, sale and manufacture of 
many of our staple products like wheat, tea, jute, lac, sugar, and tobacco have been 
taken up by our industrial magnates with remarkable success, but up to the present 
the Indian capitalist has fought shy of the dairy industry, mainly, I believe, because 
public opinion in the country is not strong enough to protect him from unscrupulous 
competition in the form of adulteration. It is an impossibility at the present moment 
to buy milk in quantity in any part of India which is free from adulteration, and the 
only remedy for this is the establishment in all producing areas of co-operative so- 
cieties composed of the milk producers. Milk in India, whether sold to be comsumed 
as fresh milk or to a separator owner to be converted into butter or ghee^ is invariably 
adulterated by the producer in the main hope that by adding to its quantity he will 
obtain a greater money return for it, wffiereas this adulteration really increases the 
cost of handling, injures the quality of the article and consequently reduces its value. 
So long as the small illiterate milk producer sells hia product direct to a ])rivate 
person or firm, there seems little hope that he will be persuaded to stop his time 
honoured custom of adding water, and often dirty water at that, but if this producer 
becomes along with all his immediate neighbourers who are milk producers a 
member of a democratic society for the sale of their produce, a public opinion is at 
once created amongst that community which has a force, and the action of every 
member of the society in the shape of adulteration of produce or unclean methods, 
affects the income of every other member of the society. It naturally follows that 
in such a society you have a unit within which discipline can be enforced, and 
rules applied providing for the greatest good of the greatest number. 

Not only would the formation of such societies go far to solve this adulteration 
problem, but they would accumulate capital within the industry, and provide a 
means in their corporate capacity for the dissemination of technical knowledge on 
all matters connected with cattle breeding, rearing and management, and the 
production and handling of milk and milk products. 

It is a significant fact that the highest quality dairy produce in the world comes 
fj'om countries where the dairy industry is almost entirely worked on co-operative 
lines. The manufactured dairy products from countries like Denmark, New Zealand 
and Holland have commanded the highest prices in the world’s markets since these 
countries applied co-operative methods to their dairy industry , and this is certainly 
due to a large exter^t to the democratic nature of co-operative production, and to the 
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fact that this very system of democratic interdependence compels the dirty and 
irresponsible producer to mend his ways, because until he does so the rest of the pro- 
ducers associated with him are called upon to bear part of the cost of his delinquen- 
cies. 

One of the main reasons why the cultivator in India will not give that degree 
of attention to the breeding and rearing of cattle which many consider desirable, is 
that he does not find cattle rearing profitable, and there seems little hope of improve 
ing the condition of affairs in this direction unless and until it can be assured that the 
breeder can obtain a reasonable price for the milk of his cow or buffalo. In the direc- 
tion of improving the economic aspect of cattle-breeding and of securing for the 
cattle-owner a fair price for his milk either in the shape of fresh milk or a manu- 
factured dairy product, lies a great field for co-operative enterprise in India. Not 
only can co-operative dairy societies eliminate the middleman in the sale and manu- 
facture of dairy produce, not only can they enforce a standard of purity which private 
individual effort cannot obtain, but they unite the milk producer for a common ob- 
ject, and form a nucleus for the teaching of improved methods of growing and con- 
servation of fodder, of cattle husbandry, of milk production, handling and sale, and 
of business methods and habits of thrift. In those dairy countries like Denmark 
where agricultural co-operation has revolutionized methods, eliminated the usurer 
and made the small holders comparatively wealthy, the creamery or milk purchasing 
organization has been the primary society. The first thing to be done is to prove 
that by the better handling and sale of the milk of members, their economic posi- 
tion can be improved, and then to organize those members who have tested the 
benefits of co-oj)eration into societies for the improvement of their herds and crops, 
the recording of the milk of their cows, the purchase of their agricultural require- 
ments, the treatment of their cattle in sickness, and into combination of any 
legitimate kind for the advancement of their moral and material welfare. In this 
direction and on these lines there is, I believe, a great future for the dairy industry 
in India, and this brief note is submitted to the Indian Science Congress to call the 
attention of those interested in rural economics to this aspect of co-operative 
agricultural activity. 

Discussion. 

Col. Matson stated that he had always realized the importance of co-operative agencies in 
milk production, and expressed his surprise that, in the Punjab, co-operative activity had not 
been manifested in this direction. 

Dr. Mann, Director of Agriculture, Bombay Presidency, said that he had been wrestling with 
the problem of the Bombay city milk supply for some considerable time. He doubted how far 
co-operation could help at present in the solution of this problem. The supply was mainly derived 
from individual producers in the city and the cows were kept in byres in town conditions. There 
did not exist at present any material for co-operative organization. The only alternative at 
present was to develop production on correct lines withih a reasonable distance from Bombay. 
The all-important matter was to get the milk, and he considered that this could only be done by 
production on a large scale. In Bombay city, there is a necessity for milk production on capital- 
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istio lines first. Co-operation, if it comes, \nll follow late. At present, the supply is the chief 
difficulty ; co-operative production is a secondary matter. He welcomed, however, the co- 
operative experiment in milk supply at Calcutta. 

Rao Sahib Bhimbhai pointed out several difficulties attendinfr the organization of co- 
operative milk production. Taking India as a whole not much advance in this direction had 
been made. Finance seemed to be the greatest obstacle, and he supported the last speaker in his 
contention that milk production in India at present was a matter primarily for capitalistic 
enterjnise. 

Mr. Main asked the President if any information was available with regard to the conditions 
around Calcutta where co-operative milk production had proved successful. 

The President stated that he had no first-hand information on this point. 

Col. Matson stated that he had investigated this problem in Calcutta wlicre the conditions 
were quite different from Bombay. The co-operative cjrganization consisted of a large number 
of small holders and the management was good. The supply of milk received was pure. 

I)r. Mann said that he also had made detailed inquiries in this connection. The primary 
difference was that near Calcutta the small cultivators produced fodder for cattle and did not 
go in for the cultivation of crops antagonistic to cattle-keeping. Aho all the milking is done 
by officers of the co-operative organization who maintain milkos in each village. This greatly 
reduced the danger of adulteration. 

Mr. Ezekiel of the Palghar Milk Supply Com])any, Bombay, staled that the difficulty was to 
find a suitable market for the milk sent to Bombay in com]>etition with the adulterated milk 
produced in the city. The milk was firstly distributed from door to door, hut this method was 
expensive and complaints were received from customers. The conversion of milk into cream 
and butter resulted in a reduction of profits. His conq)any suffered a loss of Rs. 10,000 on a 
capital of Rs. 200,000 in one year. Now the company is just making both ends meet. The 
overhead charges are very high. 

The President enquired what training the jK'ople responsible for the management of this com- 
mercial concern had received. 

Dr. Mann, in reply, stated that at present the Palghar dairy was being managed by a man train- 
ed at the Poona Agricultural College, He thought Mr. Ezekiel had ])ainted a rather black pic- 
ture of the company’s work. The year before last, a considerable pr(dit was shown, but last year 
an attack of rinderpest had reduced profits considerably. He said that there were three great 
difficulties which such dairy companies had to contend with. Firstly, the impossibility of com- 
petition against the unscrupulous Bombay produce ; secondly, the difficulty of retail trade; and 
thirdly, the higli overhead charges which production was not able to sustain. He would welcome 
a stiffening up of milk regulations, and he insisted that such companies should be big enough to 
carry their overhead charges. 

The President pointed out that tlie discussion had been practically confined to city milk 
indicated the possibility of co-operative production in purely rural ar(‘as. He men- 
tioned the difficulty of dealing with “ flushes ” of milk at the commencement of the rainy season 
and the problem of itinerant herds of dairy cattle. 

Mr. B. S. Patel described the organization of milk sup])ly in Ahmedabad city. 

Mr. Jenkins, referring to the difficidty mentioned of competing with adulterated milk supplies, 
expressed his opinion that a large demand for pure milk, sold under guaiantee, must exist in a 
city like Bombay, and that, if suitable advertisement of pure milk sold under a guarantee of 
purity was underta en, this difficulty would not be a real one. 

Dr. Mann replied that such a system of retailing pure milk under a guarantee would consider- 
ably increase the expense of sale, and that only by large sales the business of milk supply could 
h© profitably carried on, 

Mr. Ezekiel added that a prejudice existed against pasteurized milk and that there was no 
encouragement for the sale of milk under a guarantee of purity. 
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W. McRAE, M.A., D. Sc., P.L.S., 

Officiating Imperial Mycologist, Pma. 

The chief symptom by which mosaic disease of sugarcane is recognized is the pecu- 
liar mottling of the leaves. Minute areas of the leaf are of a paler green tint than 
the rest of the leaf, or of a yellowish green or even a whitish green. The pale areas 
are somewhat elongated in the direction of the long axis of the leaf. They vary 
in length usually from a quarter of an inch to an inch or two, and in breadth from 
one-eighth to a quarter of an inch. They may be few or numerous. In the former 
case the disease is somewhat difficult to diagnose but in the latter case a kind of 
rough pattern of pale and dark green areas is formed, and it is this mottled appear- 
ance that has suggested the name “ mosaic ” disease. The pale green areas may, 
however, be so extensive that in the extreme case the leaf is pale green with pieces 
of dark green lying like islands more or less isolated from one another. There is 
thus a wide variation of pattern which, however, is fairly constant for each 
variety of cane. The tint and the extent of the markings seem to depend on the 
age of the cane and the stage of the disease. It is not easy for one who has not 
previously seen the disease to recognize it from a description, but it is hoped to print 
later several examples in colour. The very young leaves do not show the mosaic 
markings. The recently unfolded leaves show them most clearly and tliat usually 
on the lower half of each leaf. In general, it is true that the older the leaf the less 
distinct is the mottling. On the Coimbatore canes no mottling is visible from 
about the 5th or 6th leaf downwards. In Red Mauritius, how^ever, the mottling 
may be clearly visible as low as the 16th leaf. In 1925 in Pusa mosaic markings 
were first noticed on Co. 213 about three months after planting, but as tlie rate 
of growth depends on the degree of atmospln^ric and soil humidity which vaiics 
considerably from season to season the first symptoms may be expected to ap- 
pear somewhat earlier at least in some years. 

This disease was first described in Java in 1892 and has been the subject of con- 
siderable investigation ever since, more especially perhaps after its appearance in 
various parts of America and the adjacent isl nds. At the present time it occurs 
in most sugarcane-growing countries, e.g., Java, the Philippines, New Guinea, 
Formosa, Queensland, Fiji, Hawaii, Egypt, Natal, Argentine, Brazil, Surinam, 
Demerara, New Orleans and Louisiana, Trinidad, Barbados, Porto Rico, San 
Domingo, Jamaica, Cuba and India. 
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Though often looked for in India by various workers, it was not noted till 1921 
when Dastur^ found it at Pusa on D.-99 and Sathi 131. Mr. Noel Deerr, who has a 
unique opi)ortunity of knowing large areas of cane in Bihar and the United Provinces 
and has had opportunity of seeing mosaic in Hawaii, Porto Rico, Cuba and Java, 
suspected its presence on Hemja and Co. 213 during 1923 and 1924, but specimens 
sufficiently typical for a certain diagnosis were not actually seen by the Imperial 
My. ologist. At the end of 1921, Mr. Noel Deerr sent specimens of leaves of Co. 213 
in 1 per cent, formalin to Java, and 25 per cent, of the leaves were stated to be infect- 
ed with mosaic, whilst the others had chlorosis which might be due to nitrogen star- 
vation or bad conditions for the root system. In May 1925, a typical case was found 
at Pusa in Co. 213 by Mr. L. S. Subramaniam, Assistant to the Imperial Mycologist, 
and during (!m‘ n<‘.,\t two months fh ‘ disease airjxaired on stvoinl other vari<‘ti(‘s. 
Immediately the seaidi was extended into Bihar and to other parts of India, and 
111 this the Government Sugarcane Expert gave considerable help in suggesting places 
where he sus])ected the canes had iiwkings somewhat like those in Pusa and in the 
published illustrations. Agricultural stations were chosen because they usually 
have most of the canes that grow in the surrounding district, and the intention was 
Inst of all to discover the presence of mosaic rather than the extent of the area in- 
fected, for this can bo mapped out more easily by mycologists in the provinces than 
by the small stall at Pusa. 

The following canes were found to have mosaic : — 

Bihar, Pusa (New Area) - Co. 205, Co. 210, Co. 213, Co. 232, Co. 248, Co. 250, 

Vo. 275, Co. 281, Co. 282, Co. 286, Co. 287, Co. 288. 

Pusa, (Silk House Area)— C(r. 205, C'». 213, (Jo. 281, Ok 2-'G, Co. 

2S7, Co. 288. 

Pusa (Farm)- (Jo. 213. 

vSabour Agricultui’al Station — Co. 213, Red Mauritius. 

Various Estates — Co. 210, Co. 213, Co. 232, Ilcinja. 

United Frovwccs. Aligarh Agricultural Station — Co. 213, (^o. 232. 

Bulandsliahr Agricultural Station- Co. 213, Co. 232, Co. 281. 

Kalai Demonstration Farm — Co. 213, S. 48, B. 0308, Mauritius 16. 

Punjab, Gurdaspur Agricultural Station^ — Co. 210, Co. 231, Co. 232, CV>. 242, 
Co. 247, Co. 257, Co. 258, Co. 261, Co. 265, Co. 270, B. 6308, S. 
48, A. 2. 

Madras, Palur Agiicultural Station — M. 55, B.'l47, B.208 D. 1135, Fiji B, 
Java-Hebbal, Chittoor-Poovan. 

Samalkota Agricultural Station — J. 247, B. 208, B. 254, D. 
625, D. 1135, A 95, Purple Mauritius, Red Mauritius. 

Coimbatore Central Farm. — Java-Hebbal, Vellai, Poovan, Co. 1. 

Bcmibay, Manjri Agricultural Station. — Java 33 A, Java 36, Red Mauritius. 

^ l>astur,J, F. The Mosaio Disease of Sugarcane in India. Agri, Jour, of hidia, Vol. XVllI pp. 
505.609, 
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In all these canes the presence of mosaic was determined on fresh material. I 
examined those in Bihar, Mr. L. S. Subramaniam those in the United Provinces, 
Punjab and Madras except in the Central Farm, Coimbatore. There Mr. S. Siindara- 
raman, Government Mycologist, Madras, identified the disease, / nd Dr. F. J. F. 
Shaw, Imperial Economic Botanist, did so in Manjri. Besides the canes mentioned, 
leaves of J. 213 from Tatkon and of Gillman cane from Sahmaw pickled in about 
4 per cent, formalin solution were received recently from Mr. D. Rhind, Government 
Mycologist, Burma, and showed mosaic markings, but a diagnosis on fresh material 
has to be made before these varieties can really be declared with cei*tainty to have 
mosaic. 

Though the Government Sugarcane Expert reports that the Coimbatore Sugar- 
cane Breeding Station is free from mosaic,^ there is some evidence to show that the 
disease has existed there. In May 1923, a consignment of Coimbatore seedlings, 
viz., Co. 210, Co. 213, Co. 214, Co. 221, Co. 225 and Co. 232, was sent from the Sugar- 
cane Breeding Station to the Department of Agriculture, Reduit, Mauritius, and in 
October 1924, the Director of Agriculture, Mauritius, reported to the Government 
Sugarcane Expert, Coimbatore, that after satisfactory growth in the nursery these 
canes at about three months old developed unmistakable evidence of mosaic and 
they had to be destroyed. Again in February 1924, a consignment of seedlings, 
viz., Co. 210, Co. 213, Co. 214, and Co. 232, was sent from the Sugarcane Breeding 
Station to Cuba, and in February 1925, the Director, Eastacion Experimental Y 
Escuela Agiicola San Manuel Orient Cuba, reported to the Secretary, Sugar Bureau, 
that some of them were affected by mosaic disease so that they had to be destroyed. 
Because of the way in which they were packed, it was impossible for the canes to 
have become infected in transit and presumably precautions were taken to protect 
the canes from local infection in the second instance. Unfortunately, the facts were 
not reported to the Mycological Section, so that no strict search was made in the 
ftation. In June 1925, the canes were examined by Mr. L. S. Subramaniam, both 
in the Central Farm and in the Cane Breeding Station in Coimbatore, but no cases 
of mosaic were seen then. In the former place, however, the disease subsequently 
became apparent on four varieties of cane. It looks as if the disease had once been 
present in the station but has now been eliminated. 

Specimens of cane leaves with suspected mosaic markings were sent pickled in 
4 per cent, formalin by Mr. Venkatraman and by Mr. Mitra to the Director, Proef- 
station Voor de Java-Suikerindustrie, and he determined the presence of mosaic 
on all the leaves submitted. The former also sent similar specimens to the Patho- 
logist, Experiment Station of the Hawaiian Sugar Planters’ Association, Honolulu, 
and he replied that the leaves showed unmistakably the typical appearance of 
mosaic disease. Thus in addition to the recognition of the disease by the leaf symp- 
toms on fresh material in the field, confirmation by other workers outside India 
has been obtained. 

^ Sc. EepUn of the Agri. Res, Imi. Pusa, 1924-26, p. 14C. 
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I have refrained from stating the amount of mosaic on each of the varieties exa- 
mined in the various places because the observation in most cases was limited to a 
single visit. Many Coimbatore canes are on the list and in the majority of cases 
these were being grown only in very small trial plots and were but slightly infected, 
sometimes indeed only one clump being infected. In Pusa where the plot^^ have been 
under continuous observation, the only Coimbatore cane that is fully infected is 
Co. 232. Co. 250 has 20 per cent., Co. 287, 15 per cent., Co. 210 and Co. 213 have 5 
per cent, of clumps infected, while all the others have very few mosaic canes. One 
plot of Co. 213, however, planted in October 1924, had nearly 10 per cent, of the 
clumps infected. Co. 232 was also fully infected in the other stations where it was 
examined. C*o. 213 and Co. 210 are canes that are being grown on a large scale in 
Bihar, and the loss due to mosaic in them cannot, I think be estimated by eye 
observation. Co. 214, the other cane of this class grown on a field scale here, has not 
})een observed to have mosaic. No mention has been made of the Coimbatore canes 
of which there is a considerable nu tuber that have not shown mosaic markings, as 
we do not yet know whether the absence of symptoms is due to lack of the chance 
of infect ion or to resistan(?(\ Of the thick canes examined, Red Mauritius, Purf)le 
Mauritius, Mauritius 1 5, B. (J3()8 and A. 2 were always fully iufecjted. Hernja, the 
local cane in Bihar, is heavily infected throughout Northern Bihar. It is very 
stunted and will produce a light yield of cane. There can be little doubt but that 
u large part of the loss is due to efh^cts of mosaic. In a pa])er’ on The Sugar 
Industry of the Indo-Caiigetic Idain ” an Occasional Correspoudcmt states that 
mosaic is sp end dl over N(»rthern fnd a, ; nd that the unrecognized overhead loss 
due f.o mosauj is probably V(uy great. iSow that the disease is .known to be present, 
it would be well that the h^ss be determined by suitable ex})eriinents in all th(‘. agri 
cultural stations in the areas where the disease occurs, ■ nd that considerable 
Jittention be paid to all the new varieties particularly those of the Coimbaton' series 
lor ])ossible toleraiu^e and resistance. 

( )ther facts point to the belief that the monsoon of 1925 was particularly favour- 
able for the <]ovelopmeut of disease in crops in Pusa. For example, Hi hninih 
P nmn lurcinum (leaf-spot) was epidemic on maize, whereas formerly it occurred 
only in small quantity. Physodmna Z a-Maydis was common on maize, whereas 
it has not hitlierto been found in Pusa, the only previous n^eord being that of its 
(H'currence in the Uooars in 1910. U romyccs diVoratu,s (rust) on saim-heiu]) ha", 
been found in Pusa since 1921 in very small quantity, but this year it was in epide 
uiici form. The uredo stage of Pucrinui Kxudinii (Kriig) Butl., similar to that on 
SaccJuirnm spontimeurn, was found on sugarcane for the first time. Towards the end 
of the monsoon and afterwards Cyntopus candidim and Peronospora parasitwa (mil- 
dew) were epidemic on mustard. The rainfall of 46 5 inches was not abnormal 
but it was iri'egularly distributed. 


^ I'he IfUerniUond Journal, XXVll, p. 634, 1926. 
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A consideration of all the evidence leads me to think that mosaic disease is not a 
new introduction into India, but tlxat it has existed among the thin canes of Northern 
India for a long time. During 192.5, it appeared in epidemic form throughout a 
large tract of Northern India on Hemja, the commonly grown indigenous cane. 
The canes introduced and selected by Agricultural Departments during the last 
20 years and those produced in Coimbatore during the last few years have been so 
carefully observed by so many skilled workers in different places that it is impossible 
to believe that the presence of mo aic disease on them would liave remained unde- 
tected for any length of time. It seems probable that the disease originated in Hemja 
and j)assed to these new canes. The disease is probably endemic in India, and 
Hemja is probably tolerant. 

Note. Early in 1920 Mr. Jl. llhind, Govcnimont Alyoologist, Burma, reported mosaic on J. 213, 
.1 33 A, B. 370, Purple Mauritius, »Strii>ed Mauritius, Java -Iletbal und Gilliuan Red from twoloealitice 
in Burma, Mr. Dastur reporletl it on Java 213, Go. 203, Khariand Mauritius at Tharga, Adhartaland 
Waraseoni in the Central ProvinecH, and Ml . 8. Mitra, Kcoiiomic Botaniist, Af*saiu, leporled it on 
J. 247, J. 1507, J. 1547, P. O. J. 2714, B. 147, B. 3412, B. 0308, 1). 74, D. 025, Co. 16, Co. 17, Co. 210, 
Go. 273, Boga Pura, and [Striped Mauritius at Jorhat in Assam. 




SUGARCANE-BREEDING TECHNIQUE— ISOLATION OE LIVE 
ARROWS FROM UNDESIRED POLLEN THROUGH ARTIFI- 
CIAL ROOTING OF CANES. 

BY 

Eao Sahib T. S. VENKATRAMAN, B.A., 

Government Siigarcane Exj)erl, Coimbatore, 

AND 

R. THOMAS, 

Botany Assistant. 

1. Bagging of aukows adversely affects seed setting. 

One of the chief dillicultics exj)orienced in the breeding of sugaicane is the in- 
ability to protect with paper or clorh bags tre^ited arrows against unintended 
j)ollen reaching them. It has been the experience with most cane-breeders that the 
use of cloth bags, sufiicicntly thick to prevent passage of pollen, weakens the enclosed 
arrows and results in comparatively poorer germination. 

The writers of this paper have, to some extent, met this dilliculty — with respect 
to cross-pollination operations — -by dusting the mother arrows copiously and ellicient- 
ly as soon as the stigmas are ready ; and trusting to secure the intended crosses 
through the prepotency of the dusted pollen over any wind-boine pollen that may 
reach the stigmas later on.^ Experience during the last half a dozen years has 
shown that this method can b(} relied on with a fair d(*gree of certainty. More than 
one seedling of value has resulted from the work which testifies to the utility of 
the method on tlie practical side. 

It has all along been felt, however, that for any accurate work it would be 
necessary to rule out all possibilities of doubt about the paDUitage of the seedlings 
raised. During the last four years experiments have constantly been in progress 
in various directions with a view to improve the technique for securing greater 
certainty in the breeding operations. 

II. Isolation of treated arrows to frevent promiscuous pollination. 

In a field of arrowing canes tlu^ atmos[ here is at times — chiefly in the mornings 
and forenoons — fully laden wuth pollen of the different varieties in flower at the 


^ Venkatramau^ T. S. Sugarcane- breeding in India — Hybridization to testing. Agri. Jour. 

India, Vol. XX, Pt. 3, p. 178. 
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time. Unless suitably protected — bagging is not satisfactory in the cane — the 
chances of promiscuous pollination are largo. If, therefore, the arrow could be 
removed to a j>laco which is free from such pollen laden atn osphere, the subse- 
quent operations could be carried on with a greater degree of certainty about 
parentage. 

One of the earliest attempts in this direction consisted in the uprooting of whole 
clumps of the desired parents and isolating them in a suitable manner away from the 
rest of the field. It was soon realized, however, that the operations involved were 
expensive, laborious, and — what is perhaps the worst drawback — altogether too 
unwieldy to allow their adoption on anything like a large scale. Incidentally, it 
may be mentioned that, for rapid and successful results, sugarcane breeding has to 
be carried out on an extensive scale on account of the absence of any w».ll established 
laws in the matter of inheritance in this plant and the rarity with which the desired 
type of seedling is obtained. It is not uncommon to have to raise hundreds of thou- 
sands of seedlings before a desired type becomes available. A thorough simplifica- 
tion a d cheapening of the methods employed with the consfujuent possibility of their 
being used on a large scale is, therefore, very important in cane breeding. 


III. The rooting habits of the sugarcane. * 

The series of root studios^ — in soil as well as in culture solutions — which has 
been in progress at Coimbatore for some time, had shown that in a clumj) the com- 
ponent canes and even the young shoots are often fairly self-dependent in the 
matter of roots. The daily examination of the progress in root development, which 
the growing of canes in artificial culture media rendered possible,, showed that 
one of the earliest activities of a shoot, developing from a clump, was the produc- 
tion of roots from its own root zones. The roots were found to develop almost as 
soon as the internodcs were formed. (PI. VI, fig. 1.) 

A comparative study of roots developing from individual canes in a full grown 
clump showed that the later canes and shoots developed tliicker and stronger roots 
than the early formed canes, the original set roots being the thinnest of the lot. 
(PI. Vl, fig. 2.) This observation goes to confirm the independent nature of the 
individual canes of a clump in the matter of obtaining nourishment from the soil. 

On the above data the writers felt encouraged to initiate exp( riments at separat- 
ing from the mother clumps those canes which it was known would flower during 
the season and which were needed in the breeding work. It was argued that the opera- 
tion would prove successful and the evolution of the arrow continue in the normal 
manner, if steps were taken to protect the roots of the individual canes from injury 

^ Vonkatraman, T. S., and Thomas, R, Sugarcane root systems. Affri. Jour, India^ Vol. XVII, 
Pt. 4, July 1922. 

Venkatraman, T. S., and Thomas, R. Simple contrivances for studying root development in 
agricultural crops. Agri, Jour, India, Vol. XIX, Pt. 5, Sept. 1924. 




PLATE VI 


Fkj. I- Sorru of till' ciinrs an<l sfujots dissected out from a mature clump to show the rooting on each member. 


hlG- 2- Shows the relative thickness of roots developed from the different canes of a dumj?. 1 he diagram at 
right hand bottom corner denotes the scheme adopted in mounting the rcjots. 1 he roots were pasted 
on card board and photographed. A. B, C and D represent canes of difleienl ordeis m the matter of 
origin ; and the numerals denote the loot zone from which the average root has been taken for the 
picture. 
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during and after the separation of the canes from the original clumps. It was further 
obvious that any success at special inducement of rooting on the cane would be a 
distinct advantage. 

The free development of roots from the root zone region, whenever that region 
happens to come into contact with moist soil, is a common enough experience with 
sugarcane growers. Further, a profuse rooting from the “eyes’* soon after a 
heavy rain will be well within the recollection of most cane planters. Such root- 
ing is particularly noticeable in varieties with adhering leaf-sheaths; in the.se 
cases the favourable moisture conditions at the bases of leaf-sheaths after a rain 
are apparently responsible for the rooting. 

It was frequently noticed that lodged canes — i>ortions of which had come into 
contact with moist soil and developed roots from the root zones- could be almost 
completely severed from the parent clumps without seriously interfering with the 
further growth of the severed canes. Such a behaviour is very characteristic of the 
cane and directly led to the development of the method described in this paper. 


IV. Preliminary indications of arrowino in the cane. 

The selection and marking of the canes which would arrow during the season 
presented little difficulty. The indications which are familiar to every cane 
breeder are noticed almost a month in advance of the actual arrowing. This kind of 
forewarning is an asset of considerable importance, as the ]^eriod gives ample time 
for the manipulation and treatment of the required cane with the olqect of forcing 
the liane to develop a sufficiency of its own roots. 


V. Artificial rooting of canes in short blade to render them independent 

OF the mother clump. 

Canes which show the necessary indicati( ns for an owing are marked and the basal 
portions of the canes up to a height of about a foot are specially treated for root 
development. The treatment consists in applying round the cane a packing of moist 
soil with a large proportion of sand, keeping the soil in position by means of two 
tile pots (Text figs. 1 and 2) and maintaining the soil in a moist condition. 

For maintaining the moisture in the soil surrounding the canes, it had to be 
watered at frequent intervals during the early days of the experiment. Later on, 
how^ever, an earthenware cup with a hole at the bottom plugged with cotton thread 
and placed on the tile pot was used with advantage. It was found that the passing 
of water from the cup to the soil could be adjusted to a nicety with experience. The 
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arrangement is simple, cheap, and similar to the device often resorted to by gardeners 
(Text Fig. 3.). 



This treatment of the basal portion of the desired cane is undertaken about 
fittecn (Itiys in advance of the probable arrowng of the particular cane ; this period 
has been found to be quite sufficient for inducing the requisite rooting in the treated 




PLATE VI L 



Fig- 1- llluslr.iUs tlu' r(K)!ifi£^ from llu- nodfs alln lihccn davs* i rcatincnl, Irom the basal jcants (two on the 
h‘ll) ,iiul hoin the iniddle |c>ui(s (two on lie- Sug.ucaiie vaiietii-s sliow iiUeiesliii^ diflerenees 

in the readiness with which lhe\ r< s|tond to the lieatmenl. 



FiG- 2- Sliows a i-'^ronp of tie.ited canes after isolation in the seedling house. f hi' row to the extreme right 
shows the canes m the country watering pots. The ordinary garden pot;' are seen in the other rows in 
fh(‘ picture. 
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portion of the cane. (PL VII, fig. 1.) The treatment for rooting need not 
necessarily be applied at the base of the canes only. By suitable bamboo erections 
the treatment could be given half way up the cane or even higher if need be and 
the canes subsequently cut below the place of treatment. 

VI. Removal of treated canes from the field. 

When the treated cane has to be isolated — i.c., a little before the time for the emer- 
gence of the arrow — it is cut immediately below tbe tile ])ot. Tlie cane with the 
tile ])ot is now gently dropped into a large size garden pot and filled round with soil. 
The two halves of the tile pot are now r(5rnovcd. The arrow ing cane can i ow^ be 
shifted about and treated very much like a potted plant. The artificially induced 
roots on the cane are practically undisturbed during the oper^ltioliS with tlie result 
that the growth and development of the arrow' eontinucB ns if the enne wns attached 
to the original clump. For facilitating the sevf'rancc^ ofth(‘ treate d ciine fi om tbe 
clump, the cane is cut in a horizontal direction half way through, just below the 
bottom of the tile pot when the cane is talom up for t reatment. 

VIL Behaviour of arrows from treated canes. 

Over hundred individual canes belonging to as many } s t \vent\' diiTerrnt varieties 
were treated in the manner above de. cribed during the last snowing seasdi ai d 
removed to the seedling house and away from tlie field of ernes. In the latter ]>]«( (' 
tlie arrows w'ere noticed to grow and develo]) in quite a normal nianmr. 
(i 1. VII, fig. 2.) NeitluT the pollen nor the o\ari(‘s a]>])ear to have snfTend a] pn - 
eiably from the treatment as seen from the results in the table below. 


Anther and seed gerniinaiion results from control and treated canes. 


Variety 

Peiioentage of open 

ANTHEKS FROM ARROWS , 

OF 

Number of germinations 
from equal quantities 

OF seed 

Control cane 

Treated cane 

Control cane 

Treated caro 

Kansar . .... 

95 

90 

1 101 

150 

Red Ribbon .... 

92 

90 

8 

11 

Purple Mauritius 

99 

97 

35 

96 
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Anther and seed g rmination results from control and treated cane^ — contd. 


Variety 

PeRCKNTAOK of OFEIS 
ANTHKHS FROM ARROWS 

OF 

NuMRKR of aEllMINATIONS 
FROM EQUAL QUANTITIES 

OF SEF.D 

Control cane 

Treated oanc 

Control cane 

Tnuited eano 

Striped Mauritius 

, 

. 


82 

71 

85 

10 

Green Sport 


. 


• 

85 

83 

36 

30 

Ited Sport . 

* 



• 

80 

87 

200 

31 

Manjav 




• 

88 

85 

00 

20 

B. 3412 





73 

80 

141 

235 

P. 0. J. 2022 





98 

9S 

30 

20 

P. 0. J. 920 





00 

03 

180 

54 

Co. 213 





48 

39 

99 

50 

Co. 214 





100 

100 

300 

377 

Co. 229 

. 


• 


95 

98 

430 

583 

Co. 244 



• 

* 1 

100 

100 

100 

70 


In the above results it may safely be assumed that the diUertnees in results, some- 
times in favour of the control and at other times in favour of the treated! cane, are 
W(‘ll W’itliin the limits of individual variation familiar to the cane breeder. 


VIIL Discussion OF RESULTS. 

Tlie method* above described appears to possess c(^Ttain distinct advantages. 
Firstly, the cane is ke])t in almost its natural condition during tlie development 
and growth of the arrow. Secondly, the method is simple and capable of being 
adopted with success by any intelligent gardener. Thirdly, the pieces of apparatus 


♦ In a very valuable paper entitled “ A Method of Handling Cane TuHSels for Bref ding WorJe ’* 
(The Hawaiian Planiern* Record^ Vol. XXIX, No.l, January 1925, j>p. 84-94), Dr. J. A. Verretaiid hia 
collaboratorn deecriU^ a method of keeping the cane arrows, normally developing, by immersing the 
bottom joints in dilute S()^ solution. The method was tried on about fifty airows, and healthy and 
viable pollen was obtained all through the emergence of the arrow. Jt was found, howpA^er, that the 
seed sotting bad been adversely affected. It needs to be mentioned here, however, that it was found 
difficult to keep the solution free from sulphuric acid for any length of time at Coimbatore work. 
The authors mention that freedom of the solution from sulphuric acid is an essential condition for the 
sVQcess of the treatment^ 
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used are cheap— a tile pot costs half an anna and the earthen cup a sixth of an anna 
-—and could be made in almost any village. Fourthly, the treatment appears to 
havt'. no appreciable adverse effect either on pollen formation or seed setting of the 
arrows. 

The only disadvantage would ap])ear to be, the need to treat lh(i canes about a 
fortnight earlier than the time wlien the arrows are actually needed ; but, as the pro- 
' ramme for the season has often to be drawn up in advance, the disadvantage is not 
very great. 


IX. Summary. 

(1) One chief difficulty in sugarcaiu‘ breeding is the. inability to protect sugar* 
cane arrows, after treatment, witli cloth or pa])ir bags without adversely affecting 
germination. 

(2) In the absence of bags then^ i; always room for doubt about the parentage 
of any bat-cli of seedlings. 

{:\) To remedy this defect an attem])t was made to remove the live arrow' aw'ay 
from the field, and isolate it in a place where there ia no risk of unintended 
pollen reaching the aria \vs. 

(4) A method of treatment is d<‘scribed l)y wliich a cane in short blade could 
be severed from the clamp and is^hiti^d as desired. The method consists in in- 
din ing s]>eci..l rooting on the aljove-gronnd portion of tlie cane ai d removing the 
cane wdth t’.e aitificially dcvelo]>ed roots. Ti.e '}>icces oi a])parati:s employed are 
of country eartbenwar(‘. — sim]>le, «heap and a\ailiil)le abnost anywlioii'. 

(5) The treatment luus no apjuiH-iabh' harmful effect either on pollen fo.niation 
or seed setting in the anow ,s. 



POSSIBILITIES OF DEVELOPING THE POULTRY INDUSTRY 

IN INDIA 


BY 


MKS. A. K. FAWKES, 


Secretary, flnited Provinces Poultry Association, 

Those of us who have studied the development of other great countries must 
have been struck with the remarkable part which poultry farming plays in contri- 
biiting to the food supply of the world. Among the Western nations the United 
States of America leads the way. The ap})roximate value of her poultry products 
in 1922 amounted to the vast sum of over 400 million })Ounds sterling, exceeding 
the value of her whe>iit production. Among Eastern nations China most easily 
leads the way. I have with me the figures of her ex])ort trade to Gre.at Britain 
only, which in 1924 amounted to 2| millions of eggs in shell and the ex])ort of 
dried and liquid eggs to some £2,542,000 sterling, but she is ex])orting also to 
many other countries. 

At the recent World’s Poultry Congress held in Spain, India was one of the few 
great countries of the world which did not accept officially the invitation to be 
repreiiented. This is not desirable lor the future, for it is from India that 
mankind has received the greatest contribution to the poultry industry in the 
past. Is it not generally accepted that the jungle fowl ‘‘ gallus bankiva ” of our 
land is the ancestor of the species ? It is an acco]>ted fact that it is to the Indian 
game (asil) and to the Chittagong and Brahmapootra fowls that the magnificent 
breeds which science has enabled us to develop in the Western world, owe their 
origin. 

The point for discussion at this important Congress is, ‘‘ Can India develop this 
industry with advantage to her j)eople ?” I think from the results of the small 
beginnings made I shall be able to proveto you that we have a big future ahead, 
and that India could eompete with China in this trade and supply the ever-increasing 
demand for eggs to the outside world if her resources were organized. Now what 
are those resources ? I have no definite data to go upon, but as we travel through 
the length and breadth of this vast Empire no animal is so commonly found as the 
domestic hen. The numbers must run into many millions. To visitors from the 
West the extremely small egg and the small type of fowl is a very striking feature. 
The reason for this in most cases is probably due to promiscuous in-breeding com- 
bined with continuous under-feeding. But the indigenous fowl of India possesses 
valuable qualities of stamina and resistance to disease and adapt^ibility to climatic 


^ Paper read at the Agricultural Section of the Indian Science Congress, Bombay, January 1926. 
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extremes, and there are valuable races of fowls in India, now unhappily dying out, 
that are well worth preserving and should in my opinion be used as a foundation 
on which to build future high ])roducing stock. The Chittagong breed is one ex' 
ample. It has been my privilege during the past six years to inaugurate, for the 
first time in India, poultry farming on modern scientific lines, and a brief history 
of what has been accomyjlished may be of some interest to you. To Sir Harcourt 
Butler, Ex-Governor of the United Provinces and now Governor of Burma, is 
duo the conception of a cottage industry, by means of improved methods of poultry 
farming, being fostered in the United Provinces. He invited me to organize a 
scheme. I adopted three methods of attack on the problem of how to improve the 
poultry of the province. 

Firstly, l»y means of ])ropaganda work. I toured the chief districts of the pro- 
vince giving illustrated lectures on poultry farming, sliowing the wonderful result 
that could accrue from better methods and better stock. I encouraged correspon- 
dence on the subject and wrote articles to the press. 

Secondly, at all the ])rincipal agricultural fairs of the province poultry exhibi- 
tions are held, to which we invite those who keep fowls both for ]>leasure and ns a 
means of livelihood to bring their best birds for competition. We awnrd prizes 
in cash and in ])iire bred stock to tlie selected winners. 

Thirdly, at Lucknow wo have built up a modern poultry farm where for the 
past six years we have successfully bred bigb1.y fecund slock and where w^e are train- 
ing young men in the sci<*ntific princi])le.s of poultry farming. This farm is run on 
a commercial ])asis and sells birds of highest fecundiiy and (ggs for hatching all 
over the country. I train my students to hatch and rear chickens most successfully 
by means of incubators ; ])ou1try diseases are studi(‘d and kept at bay l)y rigorous 
sanitiitioii ; different Indian feeding stuffs arc correctly fed to the stock and their 
values ascertained. 1 am glad to say that some*fifty students have ])as8ed through 
my hands and gone out to manage poultry farms in various ]>arts of India, or to 
start farms of their own. 

Many of my students are high caste Brahmins, and I have (uideavoured to raise 
the industry to its proper level, and to show them that modtun ])Oultry farming 
combines all the student can desire in the w'ay of a field for his enterprise. Besides 
the value of the poultry farm at Lucknow as an edm'ational centre, we have suc- 
cessfully proved beyond question the following points. Firstly, that highly fecund 
poultry imported from overseas can be successfully kept in India, can be success- 
fully bred from and that the acclimatized stock continues to produce in a remark- 
able manner. Secondly, that the ordinary domestic fowl of India can bo graded 
up and improved "^even in"onc*'geneTation by mating the'^ordinaiy dosi mongrel 
hen with males of pure bred fecund stock, sons of liigh predneing dan:s. 

We havc""verified this in our breeding experiments on the Lucknow farm. We 
havoT followed the* methods advised 'by Pearl and* Lipy>eneott. To^givf%>no^ in- 
stance only, an ordinary desi hen was mated to a brown Iveghorn cock, the son of 
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a heavy laying hen, and one of the daughters of this union was isolated and her 
eggs recorded. During the cold season of 1922-23 in the months of November, 
December and January she laid 61 eggs in 66 days. These months being the period 
of low production in an unimproved hen, we thereby proved to our satisfaction 
that this hen inherited both the ])rirnarv and secondary physiological factors, 
viz., that of early production combined with high j^roduction from her sire. 
When one considers that from 60 to 80 eggs is the normal annual outjiut of a good 
village hen, this record is remarkable. 

The same results on a larger scale have been re>alized in the Etah District of the 
United Provinces. The population of this district is largely made up of the very 
poorest and depressed classes, and, under the supervision of Mr. Slater, a well- 
known missionary philanthrojiist, large stocks of ]>ure bred, high ])ioducing cocks 
have been given out in the villages, (‘ombined with settings of eggs. The results 
after a few years of work have astonished us; for now, throughout this district, 
are thousands of j)ure bred and high ])roducing fowls, laying numerous and large- 
sized eggs, and the sale of this produce has augmented to a very considerable degree 
the means of livelihood of this very poor community. 1 leave it to the imagination 
of my audience to picture how great a me^ins we hav(‘. here of ameliorating th(‘ lot 
of some of the poorest of our people, and what a potential increase might be addetl 
to the food supply of India which, if not required by her own peo])le, is in demand 
abroad. A few years of organized effort on scientific lines is all that is required ; 
poultry reproducing themselves so rapidly, it is not the costly and lengthy proceed- 
ing that it is with cattle and higher animal breeding that is now being attempted. 

The fruit of the hen, as scientists know, is, next to milk, one of the most ])ure 
and valuable foods in existence. It is rich in vitamins and lecithin, and though 
as yet unappreciated by the vast majority of our ])eople for various reasons, it 
would form for them a valuable f(K)d, especially for those who sub.sist on rice as 
their principal diet and where milk is scarce. 

At the Lucknow farm we have educated the public to realize that infertile eggs, 
the produce of young unmated hens, should be used for eating purposc^s and tlie 
produce of carefully mated mature birds reserved for reproduction purposes only. 
It is not generally appreciated that the infertile egg can be so easily obtained and is 
so much better for commercial purposes owing to its keeping proper-ties. 

Our records of egg production (jompare very favourably with other countries. 
Every cold season we hold an (igg-laying test, ojien to the world, and each year 
we receive entries of birds from some of the leading British and Australian farms, 
and poultry breeders from all over India join in. Some wonderful records have 
been put uj) by the birds, the highest record of eggs laid being 86 eggs in 92 days 
of the cold weather months, a jieriod denoting the future ])roduction of hens so 
tested. The science of feeding is also taught to our students, as of all the factors 
that control production, feeding is one of the principal, for quite 60 per cent, of 
the cost of productioii is traceable to feeds. 
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Up to the present time little or no attention has been paid to the digestible nut- 
rients of poultry feeds, though, from a review of literature on hand, it would appear 
that fowls can digest little or no fibre, and are most efficient in digesting the nut- 
rients in the order of nitrogen-free extract, protein and fat. 

The Indian domestic fowl has mostly to find its own living, but with higher pro- 
ducing stock suitable feeding will be essential. India is rich in valuable and in- 
expensive poultry feeds, and I consider this country pr(', -eminently suitable for the 
rearing of vast flocks of fowls. Its many waste areas could support immense num- 
bers of poultry to tlie mutual advantage of both lands and birds. Each fowl con- 
tributes not less than 80 poundi annually of valuable manure to the land over which 
it ranges. Fruit and poultry grow^ well together. 

Owdng to favourable climatic conditions the housing of poultry need not be on 
any expensive or elaborate scale. We have found at Lucknow^ that open air condi- 
tions are the best ; the only protection necesmiry is shade from the tropical sun, 
shelter from heavy rain and high w inds and ])rotection against wild animals. Indian 
methods of shutting up th(^ fowls in mud houses with little or no ventilation are very 
objectionabhi and hmd to many diseiises of the respiratory organs among domcsiic 
fowls. 

One of our problems is to protect fowls from the invasion of tlie j)arasite Argas 
perniem, whi<‘h aJ>()unds all ()V(*r tlie tro])i(’al parts of India. This ])ara8ite is most 
lesistant to the action of insecticides. (V>rtain specinnms can remain alive for five 
years without food, r(unaining dormant for long ])eriods. Their pathogtmic. action 
on fowls is very disa.strous. lh‘sides causing deatli l)y depletion, when a large 
numb(*r of adult Argus or tluiir larva‘ attach themselves to fowls, thes(‘ can, by 
inoculation of their saliva, produce various forms of }>aralysis and intoxication, 
and by the invasion of difierent kinds of spirocha^tes, wlii(‘h they tiansmit at all 
})i‘riods of their evolution, cause death by avian s])iroc}unto8is to vast numbers of 
fowls. 

To prevent the attack of Arga^s on the Lucknow farm W(^ have adopted sj)ecial 
piu'clu^s isolated from tln^ sides of the houses, and the su])j)orts of the ja'rches pass 
through cu))s of oil. This ])re.vents night attacks. To prevent their breeding in 
the, cracks and joints of the poultry houses, we flame the houses with a hlow' laiiij). 
Infected fowls can be successfully treated wuth intravenous injections of sal- 
varsan, neo-sal varsiin or soamin. It is interesting to point out in this connec- 
tion that Ehrlich discovered his fajuous “ OOG ” remedy for human syphilis whilst 
studying the action of arsenical ]>reparations on the pathogenic spirochajtes of lowds. 
As you are aware, fowls are being studi(xl very largely in the Western wmrld in rela- 
tion to the problems of cancer research, the control of sex, the elh'ct of vitiimins in 
food, the mysteries of gynandro morphism and other fascinating and complex, 
studies. 

I hope, from the facts regarding poultry development in the U. P., you will 
be convinced that there is a future for poultry farming in India. My reasons for 
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putting this matter before you aro prompted by the demands of Indians themselves 
for training and knowledge on tliis subject. There are numbers of educated young 
Indians seeking an outlet for their energies and a means of livelihood. Why not 
train them in poultry farming ? My post brings me innumerable letters daily, 
asking for advice and information, and, had I the equipment and staff, I could 
train many. There is also a great o])ening for the small cultivator to add to his in- 
come by increasing and improving the poultry of h’s vdlage and his own holding. 

In China it is the peasant with a few hens that contributes to the vast revenue 
earned by that country in poultry products. These eggs are collected in centres, 
travelling by rivers and roads to factories, wliere the eggs are either converted by 
means of vacuum driers into egg powde^r, or cooled and canned in liquid form 
for the markets of the world. All this is done by the peasant cultivator and is a 
cottage industry. I have manufactured successfully in India this desiccated egg 
powder, in cooperation with the Imperial Bacteriologist. 

I commend, therefore, this subject to the careful consideration of this Congress, 
and plead for the brains of the country to consider the economic value of poultry 
f iriuing in its relation to India, asking that if this country decides to develop this 
industry, you scientists will take ii]> the scientilic reseujch and investigational work 
to solve the peculiar problems that are bound to arise in connection with the pro- 
gress of aviculture in this land of ours. 

Dtscusston. 

The Hou’ble Mr. A. M. K. Dchlavi, Minister for Agrioullurc, Bombay Bresideuey, thanked 
Mrs. Fawkes for tlie \ aluable information eontaiued in her paper. Be stated that he siK)ko not 
as the Minister for Agrioulture, Bombay, but as a mtuulmr t>f the l/uiian Poultry Club. Poultry 
keeping had been one of lus hobbies for sojue considerable time and he was still intensely interest- 
ed in it. It was a subject which required much study and he found Mrs. Fawkes’ paper true 
to tlio letter. Organized poultry' keeping on seientihe lines would be infinitely more profitable 
than the haphazard metliods in general use in India at present. The Hon’ble Minister expressed 
the hope that there would bo a great futine for poultiy keeping as a village industry, and ho 
outlined several of the main dillicultics to be overcome before this can come about. He mentioned 
the necessity of educating the cultivator's in poultry diseases and in proper feeding methods and 
material. Nothing could be more dis(;ouraging to the poultry breeder than the loss of a large 
number of his stock by disease. He stated the intention of the Bombay Government to estab- 
lish a poultry- breeding centre in the presidency for encouragement of the industry, and con- 
cluded by expressing the hope that India would soon take the proiuinont place she was entitled 
to in the f>oultry industry. 

Hr. Marui said that he had encouraged Mrs. Fawkes to submit this paper as he realized the 
possibihties of the expansion of the poultry industry in VV esterri India. He stated that praoti- 
eally no prejudice against poultry -keeping was to be found in the Bombay Presidency, but 
there were other difficulties to be overcome. In the expansiern of the industry, two lines 
should be developed. Both start from herds of x^edigree fowls Firstly, poultry keepers should 
be supplied with the best stock and with first-class advice and attention. Secondly, efforts 
should be made to breed large numbers of imx>roved varieties of cockerels for distribution in 
the villages* The danger of loss from disease was not serious if suitable precautions were 
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taken. Danger oJ loss by wild animals was also important. He hoped to make this meeting 
the starting jwint of new interest in the poultry industry in 1 he Bombay Presidency. A central 
poultry- breeding centre — as mentioned by the Hon’ble Minister for Agriculture — was to bo 
started at I'oona, and it was hoped to have suVisidiary farms in otlier centres in the districts. 
He concluded by stating his willingness to co-operate with any central authority in the 
matter of developing the industry, and expressed his intention of miking a bogiiming by 
founding a poultry farm in Sind. 

Mr. Jenkins mentioned that ho had received inquiries from leading egg-importers in Scot- 
land with regard to the jiossibility of obtaining large suy>plie8 of liquid eggs from India. He 
stated that there would bo no dilficulty in obtaining a market for such products. He laid stress 
on the possibilities of imf)roving local village poultry by the distribution of pedigree cockerels, 
and instanced the valuable work done in Nasik and Kliandesh in this direction by the late Mi’. 
C. A. Beyls, I.C.8., whose recent lamented death ha I been an immeasurable loss to all 
interested in poultry-breeding in the presideucy. He drew the attention of the Congress to the 
possibility of poultry improvement at the large railway centres where, at present, were to be 
found many ])eo])le specially interested in this bjanch of agriculture. 

The Ihesident asked Mrs. Fawkes if she could outline a method of ooultry improvenuint in 
viilag<%s and indicate how a b<‘ginning should be made. He also mentioned the dilliculties exist- 
ing at ])r'esent in the transport of peiligrce poultry stock by rail. 

Mrs. Fawk(‘8, in reply, stated that her poultry farm at Lucknow was a commercial institu- 
tion and could imt undertake free dislributifui to villages. At TCtali in the United Provinces, 
however, under charitable auspices, this work was going on successfully and good results were 
being o])tained. To improve th(» poultry of any village, all the desi cocks sho ild be removed, 
they could be bought in at bazar rates and sold for eatiug. l^odign^e h ghorn cocks should be 
s\ibstituttHl at the rate of 1 cock to < very 20 village hens. If this is done early in the cold 
weather, a largi? half-bred sttK'k would be available' by Mareh. Sho said that improvement 
(H)uld bo carried on botli by cross- Inceding and by selection within existing bieeds. Both 
methods were imyiortant. Mrs. Fawki^s concluded by expressing the hope that the develop- 
ment of an egg export trade shouUl not be dehiyed until ])oultry improvement advanced, 
but should be undertaken immediately. 
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Introduotion. 

I DO not intend to discuss tlie value of resoarcli in science, eitlier in its bearing 
on genera] culture or in its more direct application to conuncrcial industries. These 
were appreciated by many before the war and more widely, if still l>ut vagut^ly, as 
the result of our shortcomings during tlie painful years wldch followed 19M. 

The Prime Minister, in a recent speech in thc^ House of (Vimmons on unemploy- 
ment, condensed a widely accc^pted view^ in the following w’ords : No one will 

assert that British industry can be saved by science alone, l)ut it is none the leiis true 
that until scientilic methods and scientific, men can take their ])lace in industry, 
and an equal place with the administrator and the financier, British trader will never 
be strong emough or resilient enough to meet the* shocks that it is bound to meet 
as the years go by, or to meet the suddmi and unexpected changes which will always 
arise in international trade/’ 

It is the problem of organizing research institutions, rathtu’ than the value of 
research itself that 1 have been urged to discuss in this address, juid tht* problem 
falls into two natural divisions that are intimately related ; firstly, the evolution 
of a system of concerted action in Great Biitain, and, secondly, the linking uj) of 
activities here with tliose in the Empire overseas. 

Mr. Baldwin riderred to the importance, of apj)lied siiencT*. as an essential consti- 
tuent of our economic armoury under j)eace conditions. We have had very painfu' 
illustrations of our industrial shortcomings diiruig tlie war, but there is a phase of 
this question that has been less disc.usse.d, namely, the im[>ortance of making each 
large section of tlie Empire self-contained, not merely as an ordnance store, but as a 
manufacturing arsenal for essential munitions. Tlie }iartial isolation of India 
and Australia during the last war gave us some idea of what will probably follow 
the greater development in the near future of submarine and .erial machines of war. 

‘ Addrebs to llio Koyal Socioty of Arts. Keprinted from the Jour, lioyal Soc. of Art>, No. 380U. 
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We have also learnt three other matters of vital importance : — First, that nine- 
tenths of the articles and materials required by a modern army in the field closely 
resemble those that are essential to the maintenance of ordinary civil activities ; 
second, that the manufacture of all of them are problems of applied science ; and 
third, that often the interval between the laboratory and the workshop cannot b^ 
closed except by years of organized and expensive experiment on a large scale. The 
experimental work required for the commercial production of synthetic indigo cost 
over a million sterling and twenty years of hard work. 

Organization on a national and even on an imperial bas's is necessary, not merely 
to prevent unnecessary overlap of effort, of which, unfortunately, there has never 
hitherto l)een much danger, but to close the vulnerable gaps in our econ ^mic, and, 
therefore, military, defence works 1 here is no institution or society in this country 
before which questions of this sort can be more a])propriately discussed ; for no 
single voluntary society has done more than the Royal Society of Aj'ts to extend 
tlie intfTest in science applied to industry ; and the illustrations that I intend to 
refer to in the sequel will show you that I am not indulging in even an approach to 
complimentary encouragement. 

If I attempt to describe the many organizations that have been succ'cssful in 
stimulating tlu’i research work of specialists who are scattered throughout the Empire, 
the Secretary of the Society would find it difficult to get this address into a single 
“ j)art ’’ of tlic Journal ; if 1 referr<*d even briefly to the failures, the Treasurer would 
refuse to pass our })rinters’ bill. I })r()j)ose to confine myself to a few illustrations to 
show in what dire(‘tions co-operation can best meet the requirements of an Empire 
so widely scattered googra})hically ; so different in climatic and commercial condi- 
tions, and BO varied in forms of administration and government. 

Those wlio have made attempts to design and construct the machinery of corre- 
lation have had more things to consider than geographical and climatic diversity, 
or tlie rapid specialization and remarkable growth in bulk of the sciences. Planning 
to meet these complexities might be rtlatively easy if human nature were uniform 
and British science workers always docile. The main problem has been to give the 
local worker freedom in research activities, and yet at the same time get him to real- 
ize his obligations to the rest of the Imperial team. 

Voluntary societies. 

All movements in this country having for their object the correlation of ac- 
tivities in scientific resc rch were, until the end of the last century, purely voluntary, 
“ The Royal So( iety of London for improving Natural Knowledge,” whi h is still 
the recognized leader, commenced its corporate life on the 15th July, 1662, and grew 
out of a small body, who, on the 5th December, 1660, made an agreement ‘‘ to meete 
together weekely to consult and debate concerning the promoting of Experimental 
learning,” each paying “ one shilling towards the defraying of occasional charges.” 


V 
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Society of Arts. 

The Royal Society in its earliest days included papers on technical and industrial 
subjects, as well as papers on pure science ; but its recognition of the applied side of 
science became insufficient to meet the demands which accompanied the industrial 
revolution and commercial expansion of the 18th century. The Society of Arts 
was consequently founded in 1754, and has, during the subsequent 171 years, main- 
tained its position, witl out restriction of scope, as a voluntary association of those 
interested in turning the results of science in all its branches to account for the “ en- 
couragement of Arts, Manufactures and Commerce.’’ 

The curve showing the Society’s exjiansion has occasionally steepened beyond its 
average slope, but has only once seriously sagged, and that was immediately preced- 
ing a period of rapid growth which was genetically connected with the evolution of 
our existing system for correlating research activities throughout the Empire. This 
period of remarkable activity was during the two decades following 1843, when 
the Prince Consort accepted the office of President, and took an active interest 
in the work of the Council until his death in J861 . 

Two movements which were then originated by the Society ha . c' done more than 
any other instances of the sort that I can recall to stimulate national constaousness 
to the value of applied science, and both of these occurred in 1851- the Great Exhi- 
bition and the union of so-called mechanics’ institutes, with its accompanying system 
of uniform examinations. 

The success of the system of provincial examinations led to imitations, or rather 
specialized developments, which in their own way have been equally useful in stimula* 
ting the study of applied science, namely, those afterwards instituted by the Science 
and Arts Department and those commenced in 1879 and {.till conducted in techno- 
logy by the City and Guilds Institute. The old Science and Arts De^partment 
served its imrpose and gave way to other systems ; and the City and Guilds Institute 
has extended its influence to overseas parts of the Empire and now examine > 
some 8,000 students amiually. 

In the control of examinations the Society, as in other activities, adopted the 
policy of standing aside in favour of each specialized organization. That it has 
been wise in thus curtailing its programme for the benefit of others, is shown by the 
later history of its examinations. Sir Henry Trueman Wood* expressed satisfaction 
that the numbers of our examinees rose fron] under 10,(K)0 in 19(X) to nearly 30,000 
in 1913. It must be some satisfaction to him to know that his successor’s burdens are 
not lightened ; for the examinees have since increased in numbers annually, and last 
year reached the heavy total of over 70,000. 

I feel tempted almost, at this point, to break away from the subject which has 
been suggested to me by friends as the theme for this address, and to show you 


* J History of the Royal Society of Arts, 1913, pp 427 antj 434. 
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by many like illustratioiiB how the Society has grown in size and value, whilst en- 
couraging the multiplication of its family of specialists by fission from the old parent* 
Neglect of the spirit which actuated our predecessors in this way has often in other 
non-8})ecialized institutions been a drag on efforts made to effect a better organiza- 
tion of scientific research in t’ e Empire ; but that is another story.” 

The other outstanding enterprise which this Society, under the influence of the 
Prince Consort, undertook proved to be equally fruitful in useful by-products. Im- 
mediately following, and almost directly as a result of, the Great Exhibition of 1851 
there arose The Government School of Mines and of Science apj lied to the Arts,” 
and this in 1853 became the Royal School of Mines, the oldest of the three institu- 
tions which were afterwards federated to form the Imperial College of Science and 
Technology. 

Out of tlu'se two special enterprises on the part of the Society there thus arose 
tlie nuivement towards scientific and technical education Iciiding to research, at 
first- nat ional and then im])erial in its scope. It is interesting to notice that this last 
d(‘velopment, which required the shock of the war for us to take uj) seriously, rc- 
scni))l<\s in a marked degree the very earliest activities of the Society. At its first 
meeting on the 22nd March, 1754, the Society decided to offer a prize for the gi’owth 
of maddtT to disj>lae(' the article then imported largely from the blast and the Low 
Count lies, and from that time onwards the Tran. sad r<‘cord about an ecpual divi- 

sion of the Society \s r(»vemie between awards for inventions at home and agricultural 
woi k in the Colonies. The NortL Aiiuuican Colonies occuphnl most attention until 
tJi(‘ir .secession in 1774 — attempts to encourage the production of silk, wuie, potash, 
iron, hem]), ])ickled .sturgeon, myrtle wax and wooden })ipe-stavc8 followed, in order, 
until the old recoicks remind one almost f)f the Bulletins of the Imperuil Institute. 
1dien followed the attempt- to transplant the bread-fruit from the Pacific Islands 
to the W est Ind i s, resulting first in the Mutiny of the Bounty, but followed by 
Captain Bligh’s success in 1793. Bread-fruit, because of the notorious Bounty, 
lta])pens to be tJie one best known, but was only one of many — sonn^ successful and 
some (itherwise- cinnamon, opium, indigo, cotton, camphor, quinine, tinctorial 
plants, and ornamental woods. Similar efforts were made to assist the develop- 
ment of the Eikst Indies, Ceylon, Canada, the Cape and Australia. Tlie office of the 
Societ}' was for many years the princ4)al channel of information between isolated 
workers in the Colonies and the scientific men and merchants at home. 

1 liave referred to the two main phases of the Society's effort to turn science to 
account in industries of imperial as well as of national importance, because it is a 
str.kfiig instiuice of a characteristically British institution, maintained at the expense 
of its meiiiLers for the lenefit of the country and without the slightest financial 
assistance from Government. In 1866 the House of Lords called for a return of the 
sums of money granted by Government to the Society during the preceding five 
years. The answer then was nil, and so the subject was allowed to drop. That 
answer applies still. 
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National Institutions. 

EfEorts l)y private individuals were made early in the present century to make 
the country conscious of its dangers, but the results of such efforts were limited and 
fragmentary. The Imperial Institute, which was founded in 1887 to commemorate 
the jubilee of Queen Victoria’s reign, was reconstituted in 1902 and transferred to 
Government in the hope that it would be able to assist more efficiently in the develop- 
ment of the natural resources of the Empire overseas. The National Physical 
Laboratory was established at Teddington under the control of the Royal Society in 
1902, and its subsequent career of success, in which Sir Richard Glazebrook was the 
leading spirit, has justified the object of its foundation ; it has since expanded con- 
siderably, although the public money granted for its maintenance is still less than 
one-tenth of that devoted to its nearest American equivalent, the Bureau of Stand- 
ards at Washington. The Imperial College of Science and Technology received its 
Royal Charter in 1907, and was founded to give the highest specialized instruction 
and to provide the fullest equipment for the most advanced training and research 
in various branches of science, especially in its application to industry.” 

These are examples of the sporadic efforts which show that Government, even 
before the war, considered it necessary to develop national institutions for scientific 
research ; they even showed the dawning of an imperial spirit ; but it required the 
war, and with it the serious danger of imperial disintegration, to bring home to us 
fully three convictions ; firstly, that our inability to manufacture many essential 
munitions was due to the neglect of applied science in peace time ; secondly, that 
isolated instances of private enterprise must necessarily leave many gaj)8 of vital 
importance in the programme of scientific work, and, thirdly, that some system of 
w der co-ordination was necessary to give effect to any political measures of a 
fiscal natm^e required to make the Empire relatively self-contained. 

Research Department. 

Ideas, however, developed quickly when the winter campaign of 1914-16 proved 
that the war was no ordinary military campaign, but was a competition to death of 
science and technology in an intensive form. Early in May 1915, the principal 
scientific societies, with the Royal Society at their head, urged on Government the 
importance of tackling our difficulties, and in June of that year the President of the 
Board of Education announced the decision of Government to establish a permanent 
organization for the promotion of industrial and scientific research, “ which would 
operate over the kingdom as a whole and utilize the most effective means to the end 
in view irrespective of their locality. Since science and industry were both indifferent 
to political boundaries a single fund for the good of the United Kingdom as a whole 
was entrusted to a single autliority— -a Special Committee of the Privy Council/* 
which was to work through an Advisory Council of distinguished scientific men. 
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The Advisory Council were directed to frame a programme for their own guid- 
ance in recommending proposals for research and for the guidance of the Cf m- 
mittee of Council in allocating such State funds as might be available. According 
to the Order in Council, it was realized that the scheme would naturally be 
designed to operate over some years in advance, and in framing it the Council 
would necessarily have due regard to the relative urgency of the problems 
requiring solution, the supply of trained researchers available for particular pieces 
of research, and the rnater'a! facilities in the form of laboratories and equipment 
which were available or could be provided for specific researches. Such a scheme 
w^ould naturally be elastic and require modification from year to year ; but it 
was obviously undesirable that the Council should live from hand to mouth ” or 
work on the princ pie of first come first served,” and the recommendations 
should thus represent progressive instalments of a considered programme and 
policy. 

The new Advisory Counc 1 decided to give science in its a]>plication to industry 
I)recedence over ])ure science in their delif^erations. They found that certain re- 
searches which were conducted by professional associations in the period preceding 
the war were, in danger of abandonment, and they decided to assist these by special 
grants. They conferred with the 8]tecialized associations, societies and institutions 
of science and technology and formed a register of the researches which were being 
conducted in educational institutions on the outbreak of war, and they attempted 
to facilitate the resumption of tln^se by financial assistance and by recovering w^hen 
possible specialists who were with the new army in the field. They formed special 
Committees for various branches of applied science, in order to get the best advice 
regarding the investment of p\il)1ic funds and the necessity of new enterprises. 

It is impossible in a short address to describe or even to enumerate the various 
activities of the new Department of Rcientific and Industrial Research which thus 
started in 1915 and continues still, with the help of its Advisory Council, to carry 
on a work of co-ordination, which, if instituted before the war, would have saved 
many lives and have reduced our consequent financial burden. 

What the Dei>artment has done and is doing is set out j)lainly in its Annual 
Reports ; they show that at last wc liave the machinery which will prevent unneces- 
sary overlap as well as the far more important matter of closing up, as fast and as 
thoroughly as practicable, the dangerous gaps in our development of applied science. 
What was before an amorphous mob of scientific w’^orkers is now approaching the 
form of an organized army, without, however, inhibiting that freedomand individuality 
which is essential to every research worker ; and the Department does not attempt 
to do itself what can quite well be done in established colleges, universities and other 
institutions. This phase of its policy has an important bearing on the question which 
I propose to discuss in the sequel. 

There is abundant room still for expansion, and there are opportunities for 
fc»pending economically far more than the annual half-million that the Department 
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now disburses ; but the progress of research to be healthy is limited by various 
difficulties that will take time to remove. Among other things, research workers 
are not manufactured by mass production. Only a fraction of those who get a 
scientific education are suitable, and even these cannot now be absorbed 
readily by firms who are suffering from the general depression of our technical 
industries. 


Overseas Organizations. 

The institution of the new Committee of the Privy Council on the 28th July, 
1915, was quickly followed by a suggestion that the scheme intended for the United 
Kingdom should be extended and made applicable to the Dominions and even to the 
Empire as a whole. The proposal in definite form came from Australia ; where it 
originated with a memorandum by the Public Works Minister of Victoria. The 
Committee of the Privy Council here backed the suggestion by a memorandum 
which might be read advantageously to Parliament every time it assembles. Its 
appreciation of the value of applied science when the sky was overcast with war 
clouds reminds one of Kipling’s contrast between the respect we show Tommy 
Atkins in peace time and what we think of him ‘‘ when the drums begin to roll.’’ 

The Committee pointed out how the Australian suggestion could be turned to 
practical account, with the establishment in each Dominion of an authoritative body 
like that established at home ; they showed how an organization of the sort would 
react on the educational work of the universities in which the research workers are 
mainly trained, and they indicated the necessity of having in 1 oiidon some sort 
of clearing house and information bureau. 

The Dominions and India promptly set up central authorities corresponding 
approximately to the new Committee at home, and the evolution of these is summar 
ized in the Amiual Eeports of the Department. It is not necessary to repeat the 
details in this address, but, as the result of the correspondence and of later Imperial 
Conferences, various developments of great importance followed. In the first place, 
instead of having in London a general Bureau of Information, it was considered 
desirable to establish specializedBureaux by Imperial co-operation, and various sub- 
ject ; were considered to be :.uitable, such as agriculture, statistics, mycology, ana 
minerals. For entomology an organization existed before the war and its obvious 
success encouraged the hope that the idea was capable of extension. Before the 
reaction of peace and the subsequent economic depression affected Government 
as well as commercial firms, separate Imperial Bureaux had already been started 
for Minerals and Mycology, and these deserve more than a passing notice ; for they 
justify the belief that the system might be extended to other branches at a 
cost that forma a very small fraction of their value, to overseas workers 
specially. 
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Civil Research Committee. 

The Research Councils and corresponding central authoi’tics under other names 
in India and the Dominions underwent changes after the cessation of war, and the 
developments which have occurred form very interesting object-lessons for studente 
of administration. Before speaking of these, of the Imperial Resources Bureaux 
in London and of other attempts to build and furnish the superstructure. I should 
like very briefly to refer to the way in which the Government at home have very 
recently attempted to complete the framework. This latest decision shows, at any 
rate, that the seed wliich was sown in 11)15 did not actually die during the post-w^ar 
financial drought. 

In th(‘. House of Lords on the 20th May last, Lord Balfour announced the inten- 
tion to foriii a sort of sii])ei -committee, the Committee of Civil Research, analogous 
in principle and functions to tlu' Committee of Im])erial Defence, and, like it, to be 
Advisory Body with no adminiKtrative ami executive functions. This Committee, 
over which the Prime Minister will }>ret»ide, wall be charged with the duty of giving 
connected forethought from a central ]m]>eriel standpoint to the development of 
©conomie, seientilie and statistical reseaich in relation to civil ])olicy and adminis- 
tration. It w'ill also indicate new^ areas in which enquiry rniglit ]>rofitably be 
undertaken. 

On the analogy of thef’ommittee of lmi)erial Defence, this new' Committee will 
not be constant in eoiiqx.sitiou, but may inelud(‘, as and when required, specialists 
both ])rivate and official. It will deliberate on qu(tstions that cannot by themselves 
be dealt with by any single administrative department of Government, and it will 
thus form a responsible and authoritative medium of correlation in a W’av that would 
not be possible for any junior or voluntary association. Thue are many branches 
of stnence outside the scope of the new Reseaich Department, which was forn ed 
mainly to supervise the aetivitiis in thofie bi am lies that bef(>ie teuehed many de- 
partments inde])ondently. 

1 have now dealt in outline with the geneial scheme of organizatioi — its origin, 
its foundation and the franu^work of its eui orstuRtuie. It is impoitj i t to ins])ect 
more closely sam])les of the infilling. The most inq oitant of these are 

(1) The Imperial Information Bureaux in London. 

(2) The Trades Research Associations, and especially the laigest of them, 

the Emjiire Cotton Growing Coiqiojation ; 

(3) The Resoareh Counc ils, or corres])onding authorities, in India and the 

I)on)inic3iu; ; and 

(4) The .Speeializc'd Institutes here and overseus. 


(To 6c^ cmtinu(du) 



THE DIRECT METHOD IN THE MICROBIOLOGICAL STUDY 

OF THE SOIL .♦ 


BY 

S. WINOGRADSKY. 

[Trandaled by Profcmrr iV. Gmgulee, University of Calcntta.] 

(Coiiclndod froiB Agri. Jour. India, XXI, p. 139.) 

Sib John Russell’s Opinion. 

I WILL not hide the fact that the above opinions iirc not very widespread amongsi; 
microbiologists, but I am ha[)])y in not feeling alone. I read quite recently the text 
of a lecture deliverosd by Sir John Russell at the Third Congress of Industrial 
Chemistry, and I found there a passage which it gives me great pleasure to quote 
in full. 

“ The only organisms,” says the English scholar, “concerning which we have 
any definite ideas, liowever slight, are the fixers of nitrogen and the nitrifying orga- 
nisms. According to our present knowledge the organisms of the nodules 

and the organisms of Winogradsky and Beijerinck, living at large in the soil, alone 
have the power to fix appreciable quantities of nitrogen, and the three organisms 
of Winogradsky alone can oxidize ammonia to nitrite and tlien to nitrate. We 
cannot,” continues he, “ s])e<ik with certainty of any other organisms, any more than 
I see at present the way to di.scuss the action a given group of organisms would have 
in the soil. If our French colleagues can discover some method to study this, they 
will render a great service to science.” 


Case of the Azotobacter. 

Thus, Sir John Russell, eminent and wise scholar that he is, considers of 
all the collection, only iho fixers of nitrogen and the nitrifying organisms as being 
genuine. The semi-parasitic nature of the root organisms naturally put* them out 
of cousideiMtion in the question which concerns us. The fixers of nitrogen and 
the riUrifiers, which exist in the soil, now remain to be dealt with. Of the 
identity of the latter, we agree, there is no doubt. Even in tlus exclus've case, 
however, it would be difficult to deny the possibility of the formation of new races 
in our culture-tubes. As regards the fixers of nitrogen, such as the Clostridium 
and the Azotobacter, we will not go so far as our English confrere. 

♦ The original appeared in Chemie and Industrie, Vol. XI, No. 2, 1924. 

( 224 ) 
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We ask ourselves whether these definite fixers of the laboratory are such in nature, 
and if this fixing activity is as important as that which is attributed to them with- 
out sufficient proof. 

This question arises chiefly with regard to the Azotobacter, the great favourite 
of modern agricultural microbiology. Personally, we are inclined to believe in 
its interesting idle, although at present we cannot prove our point. In order to do 
so, it would be necessary to follow more closely the way in which it behaves in the 
soil, to see if it is able to convert to its own use the energising matter which is offered, 
and to multiply by trampling down and outstripping its foes, for it is only by this 
means that it could exercise any appreciable influence. At present nothing is knowm 
about this. It has very often been found in the soil, it is true, but this telh us nothing 
as to its numerical force. The current practice is, then, to throw one or two grammes 
of earth, or even more, into a liquid containing mannitol, to start the first culture. 
One can see the characteristic “ veil ’’ form, and from this its presence in the earth 
concluded. This procedure gives no indication as to the number of bacteria, 
for only a few bacteria per grainine, be they in the active, or even in the inactive 
state, are required to start multiplication in the nutrient liquid. It is found in the 
soil may be, but if it only exiots there in small numbers one should have no right to 
attribute to it an important rdlc. Nothing is known about it, wc repeat, in spite 
of the vast literature which treats of its mor}>hology and physiology. 

Our })icture of the present state of our science is now, wo consider, almost complete. 
Our criticism, contrary to the old saying, has not been easy, and it leads us to the 
following pessimistic j)rognosis : If wc retain the present method, we shall never succeed 
in studymg the role of the soil bacteria in their natural medium, though these ejperi- 
numfs in pure culture were to continue for ever. 

Remy-Lohnik method. 

Before speaking of a new' method, let us rapidly review' a few attempts, rather 
vague, it is true, but evidently inspired with the idea of putting microbiology more 
directly at the service of the science of the soil. Thus it has been proposed to replace 
pure cultures by the so-callcd synthetic mixtures of bacterial species with the aim of 
imitating the natural medium, an idea impossible to attain for reasons easy to 
understand. 

Another, the Remy-Lohnis method has been thought to approach natural con- 
ditions by introducing more earth than is customary — up to 10 per cent. — in the 
appropriate solutions, in order to study therein the processes set in action, and to 
correlate these with the fertility of the earth employed. It is, however, difficult 
to explain its procedure and its ends. 

Was it desired to activate the bacteria by introducing more earth into the solu- 
tions, or merely to mix them with the constituents of earth ? The reply is not clear. 
What is clearly seen is that a layer of earth, drowned in so much liquid, reproduces 
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only the conditions of a pool, which differ essentially from those of a sound soil. Also, 
all the conclusions one is forced to draw from these experiments have had only an 
uncertain character, and we consider that this method e^houM only be mentioned 
in passing. 


The direct method.* 

I will now present a rough draft of the method that I have adopted, and which 
deserves, in my opinion, the name of the “ direct method,” for it allows bacterial 
phenomena to be studied under conditions imitating natural conditions. I would 
scarcely say that it is perfect as a technique at ])resent. All that I have asked is 
permission to take the first steps on the road of direct experiment which for so long 
has appeared to be closed. 

1 have already had occasion to ])oint out the difficulties which the soil medium 
puts in our path. First of all, there is the difficulty of microscopic examination, 
lying principally in the lack of a method of jireparation which would differentiate 
well between the bacteria and the w'acte of all kinds, and above all, between them 
and the granulations of the gel. Secondly, there is the very great heterogeneity 
of its population and hence the risk of becoming muddled. 

The first tentative experiments were directed against these two points, for evi- 
dently it is not possible to see into the earth-medium. If, on the other hand, it were 

* During his visit to the Institute of Pasteur near Paris, the translator had the honour of meeting 
Professor W'^inogradsky, who kindly explained to him the technique involved in the direct method of 
studying soil bacteria. Recently a short account of this method has a})j)earcd in Cvmptes rendus dea 
Seances de VAcademie dea Sciences (Vol. 179, p. 367), from which the following details are extracted 

1 grm. of finely divided soil, taken from a wtII mixed sample, is thrown into 4 c.c. of distilled water 
and shaken in a standard manner for 5 minutes. It is allowed to settle for 30 seconds, and the suspen- 
sion is decanted from above) the deposit into a small hand centrifuge t\ibe. Two successive lots of 8 
c. c. of water arc added, each being shaken for one ndnute, allowed to settle for 30 seconds, and finally 
decanted into the same tube. Thus 10 parts of water in aU are ustd for one of soil. After these three 
washings the first deposit when resusjxinded in water settles rapidly, leaving the water clear. During 
the manipulation, which lasts about 10 minutes, a deposit is formed in the c'entrifuge tube without 
interfering with the latter, half the supernatant liquid is run into a second contrifugeie tube. The two 
are then centrifuged until the supernatant liquid ceases to become clearer. Ordinarily, 100 to 200 
turns of the handle are sufficient. There are then three deposits and two different suspensions, one 
having been centrifuged and the other not. Five preparations of them arc made at a convenient time, 
using approximately the same quantities of the deposits and liquids and spreading them on equal 
surfaces of slides. When the soil is dry it is necessary to bind the largest particles in the first and second 
deposits to prevent their becoming detached. One per cent, agar used warm is most useful for this 
purpose. For the third deposit, and sometimes for the secord. a o.l per cent, solution used cold is suffi- 
cient. For preparation of suspensions which contain a basis of colloidal matter encrusted with minute 
particles, any fixitive is unnecessary. After diying again the slides are treated with absolute alcohol for 
1 to 2 minutes ; they are dried and stained. In selecting a stain we adopted M. Conn’s happy idea 
of using an acid dye dissolved in dilute carbolic acid. But we prefer Erytfarosin to all others. We 
believe that this dye is destined to render most service in the microbiological study of the soil. It 
differentiates the bodies of microbes perfectly, leaving the gelatinous capsules which envelop the soil 
particles colourless, in this way making it possible to distinguish the structure of the latter. It may be 
washed from the soil colloids, and the fixitive used by means of water ; and if microscopic flakes or grains 
are found which are not decolorized completly, particularly in the soil, their tint is never scarlet like 
microbe cells, but of a quite pale brick red or salmon cedour. The manipulation is of the simplest kind ; 
alb»w the stain to act in the cold for 6 to 15 minutes, wash in water, and examine in wateTt 
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not possible to distinguish between the multitude and variety of the organisms, the 
difficulty would be insurmountable. Happily we were soon assured that such was not 
the case. 


Use of acid stains. 

For the process of microscopic preparation, several acid stains differentiate well 
between the different vegetable forms but not between the spores, by leaving the 
gel of the soil uncoloured. This is already an encouraging result. I will even say 
that, for the moment, it is sufficient for Ub to be able to prove the presence, and 
even, for certain species, the number, in the state which interests us the most, that is 
to say, in the active state. It is, above all, the action that is of importance to us ; 
of tliis the spores are certainly destitute, representing only potential faculties which 
we will otherwise take count of in our experiments. 

Choice of the sample of earth. 

As regards the batJterial po]>ulation, in order to avoid too great an excess it was 
evidently advantag(H)US to choose as a foundation of the ex})eriment a poor soil 
that for a long period had received no substance which could have stimulated the 
multi])lication of bacteria. This earth could be relied upon to maintain itself in a 
sufficiently stable, siate of t)iological equilibrium to })ermit it to fix its character from 
the point of view’ of the. species which inhabit it and of their numerical force. For 
the purpose, a samj>b* of ground w as chosen from a j)lot of very old cultivation, which 
has remained for years without manure, liad recreived no recent dressing and had no 
vegetation. 

By a careful microscopic study of this ejirth repeated several times— eacli re- 
j)etition serving as a control— it w as proved that it contained only a very restricted 
number of bacteria, belonging only to three or four ty})e8 of Cocci, the elegant little 
colonies, brilliantly coloured, of these being seen lodged on the particles of gel. A 
low small grou}>s of unquestionable Azotobacter, small mycellia of Acdnoivyceics, 
and a few' isolated yeast cells, completed this scanty micro-flora. There was 
aboolutely no sign of bacilli or moulds. 

Procedure . 

It is now all-important to follow the manner in which this e^rth reacts against all 
attempts of nature to destroy its biologicfil equilibrium. The natural melhod of 
doing this is, evidently, to mix with it some organic substance capable of acting as a 
source of energy for the bacteria. Several have been tried and one has been struck 
by the intensity of the changes produced. These changes may be described as fol- 
lows : — All at once, one species, or a little group of species which are functionally 
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related, enter the scene and multiply greatly, over-running all the rest, which remain 
stationary as regards number. In this manner, the species or group immediately 
tikes our attention as having found, in the given conditions, the correct environment for 
its functioning, as determined by the eyiergy material supplied, 

s 

Auxiliary culture. 

We will give, by-and-by, some characteristic examples. Let us first of all mention 
a second procedure intended to complete and support the results of microscopic 
examination ; this is the method of auxiliary cultures. These are plates of a gelatine 
medium in Petri dishes, inoculated sometimes by minute particles of earth and 
sometimes by different suspensions. The solid medium is essential. The liquid 
medium, on the contrary, is to be rigorously proscribed in this case, for biological 
relations which characteriise the healthy soil are there so distorted as to become un- 
recognizable. As regards composition, these solid media must correspond as much 
as possible to the soil medium, that is to say, they must contain the same energising 
substance, and practically in the same amount, as well as a proportion of assimilable 
nitrogen of the same order. 


Biological state and reaction of the earth. 

By employing these two methods - microscopic examination of the earth and auxi- 
liary culture in a strictly parallel manner, wo have succeeded, in the case which 
Ave have been able to study up to the present, in determining the microbiological 
state of the soil and its reaction. By microbiological, or more simply, biological stale 
we mean the quality and quantity of the active bacterial cells which it contains. 
Biological reaction^ is the term applied to the multiplications which have been stimulat- 
ed in the medium by the energising substance. It would be useless to emphasize the 
importance of these characteristics, especially if one succeeds in dotennining them in 
the majority of cases. 

We can scarcely doubt that the bacterial multiplication is closely bound to chemi- 
cal processes and that it is essential to carry ontheetudy by meansof parallel analyses 
of the earth-culture on one hand, and of the test earth on the other. These analyses 
give sufficiently exact results, provided, of course, that the experiment is interrupted 
at the critical moment. For, we consider that the different states or reactions can 
follow each other with fair rapidity ; the experimenter must therefore take care to 
seize the correct moment to fix the chemical effects of the biological reactions. On 
1 he other hand, if the success ive phases are allowed to superimpose, the results will 
become difficult to interpret, especially in the present state of our knowledge. This 
would be the case even with definite chemical substances, without speaking of crude 
chemical substances of animal and vegetable origin whose turn will naturally come 
later. 
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These are the essentials of the direct method which I propose. I hope that I 
have proved that it brings the experimenter as near as possible to natural conditions. 
By using it, he is able to observe the soil bacteria in their natural medium and if it is 
carried out with cultures on an artificial medium, it is only to bo better able to view 
the bacterial field. This is more imposing when it is uniform ; that is to say, when 
both the earth and its auxiliary plate are found to be invaded by a single species, but 
even when the film is varied, it is more instructive, we, believe, in our case than an 
assembly of pure cultures. 

I feel that I must now describe a few experiments, still unpublished, to illustrate 
the principles 1 have put forward and to give a more vivid ide^i of the method of work. 


Experiments with nitrooenous bodies. 

Lot 113, then, look at fresh K)il from the portion taken from the old kitchen garden 
of Brie-Comte-Rohert. Its biological state is known to us. If nec(‘ssary we shall 
recontrol it. When gently sift('d and brought to the degree of humidity and the 
capacity desired, it is re4idy for the experiment. Let us now' mix an energising 
substance w’ith it, and let us choose one gramme of peptone, a protein, to begin with. 
Put the mixture in an incubator at 30*^0. f<T one night only. Examine it in the morn- 
ing without delay, and at once inoculate auxiliary plates. The earth which yesterday 
showed no evidence of bacterial life is now' crowded. Thousands of individuals 
cover the whole field of vision of the preparation. Their number maybe estimated 
without fear of error at ten thousand million or more. 

The field w'hicli the film presents are of colonies of two I'lvds only, these being 
bacilli. In both, they have invaded the whole film, and nothing but them can be 
seen there. It is true that we have w^aited for plentiful reproduction, but, all the 
same, one is struck by its spontaneous character, and the degree attiiined, but above 
all by the fact that only twm species of bacilli of anah gous function have invaded 
the soil to the exclusion of all others, and that in spite of the well-known fact that 
peptone is the favourite food of a multitude of bacterial species. The struggle of the 
bacteria in the soil has decided that these twm species only should succeed in taking 
the lion’s share. 

We must add that the reaction is scarcely permanent, but comes to an end after 
some thirty hours. The victorious bacilli are for the moment at the end of their 
career, and there remains of them only a heap of spores a waiting the return of favour- 
able circumstances. 

Let US now take urea and add it in the same amount to our earth. At the end of 
twenty-four hours it has already begun to evolve a smell of ammonia. On the Petri 
auxiliary cultures two different bacilli have invaded everything, thrusting themselves 
forward as the urea ferments they are. The remainder of the soil bacteria do not 
change, and that c^ain despite the well-known fact that urea is a good nitrogenous 
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food for numerous species. Evidently, however, there are only two that have found 
their optimum conditions, perhaps by paralysing the others, by the strong 
evolution of ammonia. 


Expekiments with carbohydrates. 

Let us now pass on to carbohydrat(^s. -ind rcicall at once that in addition to th(‘se, 
assimilable nitrogen is required to su])])ly the aliinental needs of any organism 
whatsoever. We can foresee that the ratio of the nitrogen, or more exactly its pro- 
portion to the carbohvdratc substance, is bound to have a marked effect on the 
biological reaction. Indeed we are confident that we have hero an interesting 
series to study in all its details. 

One of the most interesting cases is that of tlie minimum ratio whicli our dried 
earth (offers us. In spite of this elective condition, the reaction remains intense, and 
more, it appears different according to the energetic sulistanee added. If it is a starch 
it can be seen rapidly disappearing, Avhile the earth becomes enriched with a parti- 
cular bacillus and with niycelHa of A(lmomyc(i(\s. On tJie P(‘tri auxiliary cultures — 
on a starch - impregnated gelatine— it forms around bi oad zones of vegetat ion, which 
no longer turn blue with iodine, thus bearing witness to a starchy energising ])ow'er. 
If it is a pentose, other organisms apj)ear. Jf it is a cellulose we see ])rinci])ally the 
mycellia of certain moulds. Without describing all lliese observations now, we can 
say that they inspire us with the hope of one day being able to arrive at a com]>lete 
process of biological analysis of the soil, the importance of w hich cannot be demon- 
strated. 

Let us maintain this minimum ratio of nitrogen by adding to a ])0or soil, glucose, 
or better still, mannose: this time we have Azotobackr entering the field. Tlnsr 
presence in our soil had alreiidy been proved before the addition of mannose, hut in 
very small amount. In the earth containing mannose, they alone commenced to 
multiply. At the end of two or three days their nuriK'rical force', reached tw o hundred 
millions per gramme of earth. If a furtherhalf gramme of mannitol is added, 
vegetation begins again, but without any other types appearing, and reaches three 
hundred and fifty million individuah per gramme of earth which give a substantial 
mass of bacterial substance, these bacteria being of great size compared with other 
species. 

Now let us raise the humidity of the soil, and, omitting for the time the intcr- 
mediiite stages, arrive at once at complete submersion. One night in the oven is 
sufficient to make the earth to overflow, it k lifted up by large bubbles of gas and 
gives off a butyric odour. At first s’ght one recognised the Clostridium Pastorianum^ 
the butyric ferment of the soiL It was certainly in the original earth, witness the 
rapid ty and sudden intensity of the fermentation ; but it was there in the state of 
spores, invisible and inactive. It scarcely counted until the time that it was given 
its suitable environment, and then it took the leading part. 
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Effect of the proi*ortion of nitrogen. 

Here is a last, rather instructive experiment : let us gradually raise the propor- 
tion of nitrogen in our mannose- e.arth by adding nitric nitrogen. Let us remember 
that the Azotobacier is greatly aided in ])urc culture by small amounts of tliis nitrogen 
and gives very luxuriant cultui’es. We will see what will happen in our natural 
medium. In the ('arth with two ])arts of nitrogen to a thousand of niani]f)se the 
Azoiobaciers multi])ly lesn than in mannose earth without the addition of nitrogen, 
and almost half : tln^ir number atbiins only a hundi ed and twenty millions per 
gramme of earth. At live to a thousand there are only three millions ; that is to say, 
mutiplication lias already commenced to stop. At 5 : ven to a thousand and at ten 
there is no trace of the Azof abaci tr. Other organisms ajipear, evidently Ldapted to 
the particular nitrogen-rarbohydrate ratio, (/urious things happen, as for exainj)le, 
this : At seven to a thousand, sjxuitaneous reproduction of a very small bacterium, 
whos' numix'.r counted exactly rruiches tliree miliiaids, six hundred millions per 
gramme of earth, takes jilac e. This, hovvev(U’, is totally absent at five to a 
thousiind, and at ten, when other tyjies pn^dominate. 

All these, obs^a vations sliovv t hat it is not tlie inlier(*jit (jualities of a l)acterium 
which determine ils idle m tin' soil bid it is Ihi diiHjglc cf t),c cdhiinth these hardshi])$ 
which is the principal nijuUdor aj thcefjcle and the dist rilndcr of the bacterial activity. 
In tlu' case of the Azotabaelcr, para,l\sed in tiie eaith by the very i^mall addition of 
nitrogen, we can very well conceivia from this }>oint of view’, that a substance or 
condition, in itself us«‘ful or favourable to tlie bacteria, Ixromes just the contrary 
when it favours tlie numerous and pow erful enemies which are ever on the W'atch 
to suppress or kill them. 


RaIUDITV of the KKACTlON. 

What is still a very interesting charaderistic of the earth is the rapidity of the 
process set into act ion by the energising substance. Tln^ long incubation periods to 
wliicli the microbiologist is accustomed in dealing w ith ])ure cultures is reduced to so 
short a period that it is scarcely noticed. An energised earth — il 1 may be permit- 
ted to use the term - starts off with the giauiteat case. The reaction starts w ith a rush 
and goes rapidly to the end. It does not appear to us difficult to find an explanation 
of this fact. 

The soil, rt»ervoir for all the w’aste, debris and cor])Be8 of countless ages, is a 
medium which harbours all the bacteria imaginable. The majority of these are, at a 
given moment, in the state of latent life, only a minority being in the active state. 
The earth sheltering the bacteria from light and dryness keeps them in the be.st 
possible conditions, and since the number of these germs is ahvays very great, the 
incubation period is almost suppressed; the germination at 30° taking only a short 
time, the medium is at once populated by the species which are the most active 
under the given conditions. 
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Further developments. 

One could say that the bacterial processes in the soil are composed of a multitude 
of phases which come into play, each bound to the action of a single agent or of a 
group of bacterial agents. These phases are often ephemeral ; but the microbiolo- 
gist must take them on the wing if he wishes to understand the activity of bacteria 
in the soil. 

That is to say, that along with present-day microbiology, which may be called 
sialic, our branch must inaugurate, in some way, a dynamic microbiology, without 
which we believe it impossible to arrive at the solutions of th3 questions which deal 
with the science of the soil. 

This will be an immense work. Wc have only to consider the immense number 
of different substances offered as a prey to the soil bacteria, of the innumerable com- 
binations of concomitant conditions, of soils so different from the mineralogical, 
chemical and physical points of view, of different climates, etc., to realize this. 

But when, with the collaboration of the different \vorkert , this work is sufficiently 
advanced, then, and only then, can we spciik of agricultural microbiology as an 
established science, whose impoidancc to agriculture cannot be over-estimated. 



NOTES 


MAniMD GANGA RAH PRIZE FDR DEVELOPHENT OF AGRICULTURE- 

Sir G«i]^ Ram, Kt., C.I.E., M.V.O., R.B., Lahore, with thatgenerositj for which 
he is now so well known, has handed over to the Punjab Government a sum of 
Rs. 26,000 for the endowment of a prize to be awarded for a discovery, or an inven- 
tion, or a new practical method which will tend to increase agricultural production 
in the Punjab on a paying basis. The property has been vested in the Treasurer 
of Charitable Endowments for the Punjab and is to be administered by a Managing 
Committee consisting of — 

1. The Vice-Chancellor of the Punjab University (Chairman). 

2. The Agricultural Adviser to the Government of India. 

3. The Registrar, Co-ofierative Societies, Punjab. 

4. Sir Ganga Ram, and after him a nominee of the Sir Ganga Ram Charitable 

Trust. 

6. Sir John Maynard during his lifetime. 

6. The Director of Agriculture, Punjab (Convener and Secretary). 

The interest accruing from the property shall after such deductions as are author- 
ized by the rules framed under the Charitable Endowments Act, 1890, be ]>ayable 
by the Treasurer of Cliaritable Endowments to the Managing Committee. 

The prize is to be known as the Maynard Ganga Ram 1 rize and is to be awarded 
every three years {uovided a satisfactory achievement is reported to the Managing 
Committee. It will be of the value of Rs. 3,000 approximately and the competition 
will be open to the world. 

Applications for the first award should reach the Director of Agriculture, Punjab, 
by the Ist of January 1929. 


THE ELIMINATION OF GERMS FROM DAIRY UTENSILS. 

In “ Bulletin No. 264 of the University of Rlinois Agricultural Experiment 
Station,” Prucha and Harding give the results obtained in an exhaustive series of 
experiments concerning the effect of steaming milk cans over a jet on the numbers 
of bacteria in the cans. 

One thousand three hundred and forty- eight cans were examined. All the 
cans were washed, and a random selection of 191 cans was examined, a few each 

( 2J3 ) 
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day, before steaming. The bacterial content of these cans varied enormously, but 
the average increase in germ content of milk filled into such cans would have been 
83,400 bacteria per cubic centimetre. 

No information as to the number of bacteria a can might be allowed to add to 
milk and still be considered satisfactory, was available, and replies to a questionnaire 
sent to 260 representative health officers, milk dealers and dairy scientists showed 
considerable difference of opinion, but the most common view was that a can may 
add up to about 100 bacteria per cubic (centimetre and still be considered satisfactory. 

The data obtained from the examination of 1,157 steamed cans showed that for 
an 8 gallon can at least 9 cubic feet of steam were necessary in order to produce 
a can which, upon being promptly filled with milk, will not increase the bacterial 
count of the milk by more than 100 bacteria per cubic centimetre. 

To allow a proper margin of safety, the amount of steam used should be 12 cubic 
feet. 

The table shows the times and })ressure necessary to force 9 to 12 cubic feet of 
steam through a jet opening { inch in diameter. The amount of steam varies directly 
with the area of the jet opening. 
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The authors consider that in practice the most satisfactory results arc obtained 
when the flow of steam is so controlled that it reejuires from 15 to 30 seconds to blow 
into each can 12 cubic feet of steam. 

It must be clearly understood that this amount of steaming produces a <5an that is 
satisfactory only if it is to be used at once. If the can is left in a moist condition 
in a warm place for a few hours, the surviving bacteria increase and multiply to such 
an extent that the can becomes unfit for the reception of milk. [ J. H. W.] 
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POINTS ABOUT PIT SILOS, 

The following extracts from a paper read at a Conference of Agricultural Ins- 
tructors of the Department of Agriculture, Sydney, by Mr. B. M. Arthur, are re- 
printed from Agricultural Gazette of New South Walc^, XXXVI, Ft. 8 

In times of drought it is a moot point whether the pecuniary loss to the man on 
the land, be he farmer, dairy-farmer or grazier, is not greater in the aggregate from 
the loss of stock by feed and water shortage than by crop failures. In the case of a 
failure of the staple crop, the farmer is only out of pocket to the value of seed and 
manure used, horse feed, and time lost, but where stock, such as sheej), horses, and 
cattle, die from starvation the monetary loss is a real one and replacement often 
dillicult, even if the person concerned has the necessary wherewithal to purchase 
his requirements — in which case he has not the Rural Industries Branch to assist 
him. 

Ensiling crops in pits is indisputably the cheapest and eiisiest form of fodder 
conservation, excepting perhaps the storage of gi'aiu, and it has the added advan- 
tage that the fodder is safe from fire and mice damage. As silage is not usually a 
saleiible commodity, the owner is not tempted by the offer of lucrative prices to sell, 
as is often the case with stored hay or grain. 

Several farmers and graziers in the ( entral west put down and filled ])its during 
the past season in localities such as Wellington, Dul>bo, Narrominc, Peak Hill, 
Gilgandra, etc. It seems only necessary to prevail on one or two individuals in each 
locality to put down and fill silage pits, and, with the advent of a dry time, the ad- 
vantages of having stored silage will be realized by neighbours. It is usual to find 
silage-makers in groups, one man having perhaps commenced some years ago and the 
others having followed suit on realizing the success of the method. 

By conversiition with men who have filled pits for some ye^irs, and by personal 
observation, several points in connection with the work of filling and cnq>t} ing pits 
have a})pealed to me as being possible improvements over the usually accepted me- 
thods. 

It is noticeable that the general tendency of the novice in silage-making is to make 
the pits deeper and wider than is advisable. In fact, one ease came before my 
notice recently of a farmer who had excavated a pit 10 feet s(|uare and 10 feet deep 
by pick and shovel, and knew^ of no other way until put on the right track. But 
experience soon teaches that deep pits increase the labour of filling and emptying, 
and the trend of the experienced is towards even shallower pits than is usually re- 
commended, and the quality of the silage turned out seems to be good. The ex- 
cavation is usually carried out by the owner himself, but several cases have come 
Indore my notice where pits have been put down by contract at from Is, to H*. (xl, per 
cubic yard. 

Wheat, oats, or barley are generally used, but in one case last season silage was 
successfully made from a mixture consisting mainly of variegated thistles. My 

a 2 
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advice was asked by a farmer who had sown 10 acres of lucerne on the Macquarie 
Kiver flats as to how he could best got rid of a t-emendous crop of thistles which 
had come up with the young lucerne plants and which was threatening to kill out the 
lucerne by excluding the sunlight. This thistle crop was estimated to be at least 10 
tons per acre. I suggested that he would kill two birds with one stone by cutting 
the thistles and lucerne with a mower while green, and putting the mixture into a 
silage pit. As there was a possibility that the material would be too sappy and 
become mushy, about 10 acres of a wheat crop was cut and put in with the thistles, 
in the proportion of one load of wheat to two of thistles. The resultant silage has 
proved to be excellent. 

Most of the cereal crops are cut with a binder. There are differences of opinion 
as to the best methods of filling the pit. Some advocate putting the sheaves in 
crossways, the contention being that it makes for easier work in emptying, as one is 
able to pull the sheaves out whole by the binder twine band. The method does 
not appear to affect greatly the settling-down of the material. 

A good point that came under my notice, and that was gained by experience by 
two silage makers of several years standing, is that in building up the pit above the 
ground-level the height should be made to correspond to the depth of the ])it, l.c., 
where the pit is, say, 6 feet deep, the material should be stacked G feet high, and it is 
then sloped off accordingly to the slope of the batter. It has also been found that 
there is often a tendency for a shrinkage of the material away from the walls of the 
pit, allowing the covering earth to crack and open and permit run-off water to get 
down the sides during rain ; this, together with the air so admitted, tends to spoil a 
greater percentage of the silage than is usual in well-filled pits. In order to avoid 
this, the plan of overlapping the sheaves about 6 inches over the sides of the pit 
when building up above the ground level has been adopted. Then the main mass 
of the material, on settling down by its own weight, drags this overlapping material 
in and down the sides and thereby prevents any undue shrinkage away from the 
walls. 

A method of lessening the work when covering the material with earth was gleaned 
from two or three silage-makers. When topping off the portion stacked above 
groimd-level, it is built somewhat similar to a haystack, and a final double row of 
sheaves is overlapped along the ridge. The earth excavated from the pit is first 
dumped along this ridge by means of a bucket scoop, putting sufficient on to bind the 
mass thoroughly, taking the earth up from the ends. Then the balance of the cover- 
ing is done from the sides, commencing at ground level, and putting each successive 
scoop full on top of the preceding one, working from each side alternately until 
the material is covered with a sufficient layer of earth. This method tends to 
make the work of covering the pit less tedious than when all the earth is taken up 
from the ends, which is the usual method adopted. 
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FUMIGATION OF AMERICAN COTTON IMPORTED INTO INDIA* 

In pursuance of clause (c) in paragraph 2 of the notification of the Government 
of India, Department of Education, Health and Lands, No. 14:93-A dated the 14th 
November 1926 {Affri. Jour, India, XXI, p. 164), the Governor-General in Council 
is pleased to fix the rate at which the sum therein referred to is to be paid at Rs. 
3-6-0 per bale, or in cases in which the importer has failed to furnish information in 
accord with clause (a) in paragraph 2 of the said notification at Es. 5-6-0 per bale. 
This rate shall cover the cost of fumigation including the cost of loading the cotton 
into the barge, conveyance to the fumigation wharf or bunder, unloading from the 
barge after fumigation and delivery at the bunder, but not including docks import 
charges as specified in the Bombay Port Trust scale of Rates charged at the docks. 
Provided that the minimum fee for the fumigation of any consignment of cotton 
sliall be Rs. 160. 

2. In the case of samples of American cotton imported by parcel post, or as ship" 
parcels not exceeding 20 lb. each in weight, the consignee shall pay a fee for fumiga- 
tion of Rs. 2 for each parcel. 



Personal Notes, Appointments and Transfers, 
Meetings and Conferences, etc. 

Mr. P. V. IsAAQ, B.A., M.Sc., F.E.S., Second Entomologist (Dipterist), 

Pusa, has been granted combined leave for six and a half months from 2Gth March 
1926. 


Mr. Nand liAL Dutp, M. Sc., has been appointed Second Cane-breeding Officer 
at the Imy)crial Sugarcane Station, Coimbatore. 


Mr. F. Wake, F.R.C.V.S., Professor of Medicine and Principal, Madras Veteri- 
nary College, luis been ap])ointed to officiate as Din^itor of Imperial Institute of 
Veterinary Research, Muhtesar, vice Mr. J. T. Edwards on leave. 


Mr. D. a. D. Aitchison, M.R.C.V.S., has been appointed Veterinary Adviser 
to Government, Madras, on return from leave. 


Mr. P. T. Saum>khs M.R.C.V.S., Acting Principal, Madras Veterinary College, 
has been granted leave on average ])ay for five months from Ist July, 1926, with per- 
mission to combine it with the vacation for tlire(^ months commencing on Ist 
April, 1926. 


Mr. F. Smith, B.Sc., has been appointed to act as Assistant Director of Agri- 
culture, Bengal, vioc Mr. K. McLean on leave. 


Mr. a. P. Cliff, B.A., Deputy Director of Agriculture, Chota Nagpur, has been 
granted leave on average pay for eight months from 25th February, 1926. 

{ 2^ i ) 
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Mr. C. a. McLean, M.A., B. So., Deputy Director of Agriculture, North Bihar, 
has been transferred in tlie same capacity to Chota Nagpur. 


Mr. Beni Madhab CuArrERJEE, Assistant Director of Agriculture, Purnea, has 
been appointed to act as Dc^puty Director of Agriculture, North Bihar, in addition 
to his own duties until further orders. 


Mr. D. Quinlan, M.B.dV.S., Director, r'ivil Veterinary Depart^inent, Bihar and 
Orissa, has been granted leave on average ])ay for eight months from 7th April 
Ca]>tain P. B. Riley OHlchiting. 

Mr. G, Clarke, F.T.(h, Dirwtor of Agriculture. United Provinces, has been 
granttxi leave oii average ])ay for six months from 20tli A]u il, 11)20,- Dr. A. E, Parr 
Olliciating. 


Mr. C, Maya Das, M.A.,B.Sc., Officiating Principal, Agricultural College, Cawn- 
pore, has been confirmed in the appointment from 22nd December, 1925. 


Mr. D. P. Johnston, A.R.C.Bo.L, N.D.A., Deputy Director of Agriculture, 
Punjab, has been placed in charge of the newly created Montgomery Circle in 
the Lower Bari Doab Canal Colony. 


Mr. F. J. Plymen, A. V. G. I. Director of Agriculture, Central Provinces, has 
been granted leave on average pay for seven months and four days from 2Gth 
March 1926, Mr. R. G. Allan Officiating. 


Mu, A. Mckkrral, M.A., B.So., Director of Agriculture, Burma, has been granted 
combined leave for nineinontlis f^<an 1st A]>ril, 1926, Mr, T. D. Stock Officiating. 
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On return from leave, Mr. H. F. Robertson, B.Sc., Deputy Director of 
Agriculture, Burma, has been posted to the Myingyan Circle, vice Mr. T. D. 
Stock on other duty. 


Mr. R. Watson, N.D.A., Deputy Director of Agriculture, Burma, has been gran- 
ted leave on average pay for eight months from 10th March, 1926. 


Mb. D. Rhind, B.So., Mycologist, Burma, and Mr. W. M. Clarke, M.B.E., B.Sc., 
Professor of Agriculture, Agricultural Collie, Burma, have been confiimed in the 
Indian Agricultural Service from 21 st March, 1926, and 3rd April, 1926, re^ectively. 


CaptainJ.B. Idle, M.R.O.V.S., Superintendent, Civil Veterinary Department, 
Central Circle, Burma, has been granted leave on average pay for eight months. 


The Punjab Government is pleased to accept the resignation of Mr. M. J. Brett, 
M.R.C.V.S., oi his appointment in the Indian Veterinary Service. 


Mr. W. M. Clarke, M.B.E., B.Sc., Professor of Agriculture, Agricultural College, 
Mandalay, has been granted leave on average pay for six months from 16th April, 
1926, Mr. J. W. Grant OflSciating. 


Mr. D. Hendry, M.C., N.D.A., B.Sc., Deputy Director of Agriculture, Southern 
Circle, Burma, ha.s been placed in charge of the Tenasserim Circle, in addition to his 
own duties, during the period Mr. J. W. Grant is on other duty. 


Mr. Arjan Singh, L. Ag., 1st Assistant to the Imperial Agriculturist, has been 
appointed to hold charge of the current duties of Imperial Agriculturist, in addition 
to his own, from 15th March, 1926, vice Mr. G. S. Henderson on leave. 



REVIEW 


Crop Production and Soil Management.— By Joseph F. Cox. Pp. XXX+616 ; 

figs. 222. (N w York : John Wiley and Sons; Lon 'on: Chapman and Hall.) 

Price 13s. fid. net. 

This book, though written from an American point of view, contains a great deal 
of information that can be applied to Indian agriculture. It is written from the 
standpoint that crop production is the most important business of the nation, a fact 
which is doubly true in a country so overwhelmingly agricultural as India. The sub- 
ject matter is a discussion of the methods developed by the most successful farmers 
in the Unit ed States and the contributions made by scientific research to modern 
crop production. The section on soil management is not so fully dealt with as the 
title of the book would justify, and is largely disposed of in the chapter dealing 
with the preparation of the seed-hed. A wide field is, however, covered under crop 
])roduction, and useful and up-to-date information is given for both farmer and 
student. The selection and testing of seed and the control of weeds and crop pests are 
amongst the subjects best dealt with, and the information is such as can bevni- 
versally applied. A feal ure of the book is its very detailed table of contents ; to such 
an extent has this been developed that reference to the body of the book is rendered 
almost unnecessary . Another feature is the large and well chosen collection of photos 
and plates. The oommunity studies at the end of each study are searching and 
should prove of much assistance to the thoughtful student. As a work on crop 
production, the book is a useful addition to the library. [ H. R. S.j 
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NEW BOOKS 

On Agriculture and Allied Subjects 

1. Sugar, by Geoffrey Fairrie, Pp. XrV+22G. (Liverpool : Fairrie & Co., Ltd.) 

Price, 12s. 6d. 

2. Planting Directory of Southern India, compiled by H. Waddington. Pp. vii-|- 274. 

(London : John Bale, Sons and Danielsson, Ltd. ; Coimbatore : The 
United Planters’ Association of Southern India.) Price, 15s. net. 

3. Soil Characteristics ; A Field and Laboratory Guide, by Paul Emerson. Pp. X-f- 

222. (London : McGraw Hill Publishing Co.) Price, 12s. 6d. net. 

4. Practical Fniit-Growing, by J. W. Morton. Pp. 192. (London : Ernest Benn, 

Ltd.) Price 10s. 6d. net. 

The following publications have been issued by the Tm])orial I)c})artment of 
Agriculture in India since our last issue ; — 


Memoirs 

1. Studios in Gujarat Cotton, Part HI. The Wagad Cotton of Upper Gujarat* 

Kathiawad and Kutcb, by Maganlal L. Patel, M. Ag., and D. P. Manktwi, 
(Botanical Series, Vol. XIV, No. 2.) 

2. Drainage Waters at C -wnj’ore, l)y H. N. B itham, M.A., F.I.O S. ((’hemical 

Series, Vol. VIII, No. 8.) Price, As. 10 or Is. 

3. The Red Pumpkin Beetle (Aulaeophora ahdondnalis, Fb.) and its Control ; with 

a short Note on A. airijiennis, Fb., by M. Afzal Husain, M.Sc., M.A., and 

S. Abdullah Shah, L. Ag. (Entomological Series, Vol. IX, No. 4.) Price, 
R. 1 or Is. Drf. 


Bulletin 

4. Standard Methods of Analysis of Fertilizers, edited by J. Son, M.A., Ph.D., 
(Pusa Bulletin No. 164.) Price, As. 4 or 6(1. 


j Reports 

5. Review of Agricultural Operations in India, 1924-25. Price, Rs. 2-2 or 4s. 

6. Pr(K;eeding8 of the Board of Agriculture in India, held at Pusa on 7th December, 

1925, and folhnving days (with appendices). Price, R. 1-li or 3s. :></. 

7. ArnualRei)ort of the Institute of Veterinary Research, Muktesar, 1924-25. 
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List of Agricultural Publications in India from the 1 st 
August 1925 to the 31st January 1926. 


N(» 

Tiilf) 

Author 

Where Published 


GENERAL AGRICULTURE 


1 

The Agri(*iiltiiral Journal of Tiulia, 
Vol. XX, ViirU V, VI and Vol. 
XXf, Pari 1. Price, Re. 1-8 or 
2w. ]ier jmrt. Annual Hulmcrij)- 
tion Rs. 0 or 9^. 

Edited hy tlie Aprieiiltural 
Adviser to the Goveni- 
nicnt <J India. 

Manager, Government 

of India Central Pub- 
lication Branch, 

Calcutta. 

2 

Scientific Reports of the Acrneiil- 
tural Research rnsliiute, Piisa 
(including the Reports of tl)e 
Inipcrial Dairy Export, Physio- 
logical Chemist, Government 
Siigareano Ex|>ert, and Keeie- 
tary, Sugar Rureau) for 1924-25. 
Price, Rh. 2-4 or 4/f. 

Issued from the Agricul- 
tural Rest^areh Institute, 
Piisn. 

Ditto 

3 

Guide to the Agricultural ReH(‘arch 
Institute, Puaa. 

Issued by the Direetf»r, 
Agrieultural Rewareli 

Institute, Pusa. 

Piiln 

4 

Agricultural Statistics of India, 
1922-23, Vol. I, Price, As. 12 or 
D. 4J., Vo). 11, Pric<‘ As. 12 or 
Is. 3(/. 

Issued by the Department 
of C(unn)ereinl Intelli- 
gence and Stati.stics, 

India. 

Ditto 

f) 

Administration Report of the 
Indian Meteorological Depart- 
ment for the year 1924-25 and a 
Hi8tr)rv of the De])artment 
during the half-eeiitury 1875- 
1924. 

Director-General of Obser- 
vatories. 

Simla Government of 
India Press. 

(» 

Report on the Opemtions of the 
Departnieiit of Agriculture, 
Madras Presideney, f(»r the 
official year 1924-25. 

Issued by the Dc]»artment 
of Agriculture, Madras. 

Government iVess, 

Idadras. 

7 

Season and Crop Report of the 
Madras Presidency for the Agri- 
cultural year 1924-25 (Fnsli 
1334). Price, Rs. 2-8. 

Ditto 


8 

Villagers’ Calendar, 1926 , 

Ditto 


9 

Sugar varieties of the Bomlmy 
Presidency, India, Bombay 
Department of Agriculture 
Bulletin No. 122 of 1925, 

Issued by the Department 
of Agriculture, Bombay. 

Yeravda Prison Press. 
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List of Agricultural Pubucations. 


No 

Title 

Author 

V/hen 


General Agriculture — oontd. 


10 

Ridge Cultivation in Lower 
Gujrat, Bombay Department 
of Agriculture Bulletin No. 123 
of 1925. 

issued by the Department 
of Agriculture, Bombay. 

Yeravda Prison Press. 

11 

Season and Crop Report of the 
Bombay I^eeidency for 1924-25. 

Ditto 

Ditto 

12 

Report on the working of the 
Department of Agriculture, 
Central Provinces, for 1 924-25. 

F. J. Flymen, A. C. G. I., , 
Director of Agriculture, 
Central Provinces and 
Berar. 

Government Press, Central 
Provinces, Nagpur. 

13 

Report on the Agricultural 
Stations in the Northern Circle, 
Central Prf>vince8, for the 
year 1923-24. Price, Rs. 2. 

J. H. Ritchie. M.A.. B.Se., 
Deputy Director of Agri- 
culture, Northern Circle, 
Jul)bulpore. 

Ditto 

14 

Comments on the Return of Ex- 
penditure of the Provincial and 
District Gardens in the Contra! j 
Provinces and Berar for the year 
ending the Slst March 1925. 

Ditto 

Ditto 

5 

Sugarcane Cultivation. Central 
Provinces Department of Agri- 
culture Bulletin No. 21. 

1 Q. K. Kelkar, B.Ag., Extra 
Assistant Director of 
Agriculture. 

Ditto 

16 

Season and Crop Report of the 
Central Provinces and Berar for 
the year 1924-25. Price, Rs. 
3-8. 

Issued by the Department 
of Land Records, Central 
Provinces. 

Ditto 

17 

Annual Report of the Department 
of Agriculture, Bihar and Orissa 
for 1925. 

Issued by the Department 
of Agriculture, Bibar 
and Orissa. 

Government Printing, 

Gulearbagh. 

18 

Agricultural Statistics of Bihar 
and Orissa for 1924-25. 

Ditto 

Ditto 

19 

Improved Cattle for Bengal, 
^ngal Department of Agricul- 
ture liOaflet Nos. 6 and 7 (in 
English and in Bengali). 

Issued by the Department 
of Agriculture, Bengal. 

Bengal Oovemmeat Press, 
Calcutta. 

20 

Annual Report on the Administra- 
tion of the Department of Agri- 
culture, United Provinces, for 
the year ending 30th June 1925. 

Issued by the Department 
of Agriculture, United 
Provinces. 

Superintendent of Gov* 
eminent Pwfss, Allaha- 
bad. 

21 

Report on the Agricultural 
Stations of (Central Circle, Co wn - 
pore, United Provinces, for the 
year 1924-25. 

Ditto 

Ditto 
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List or AoaiownmAi. Pubuoations— cotod. 


No 

Title 

Author 

Where Published 


General Agricxdiurt — oontd. 


22 

lUmort on the Agricultural 
Dtations of Western Circle, 
United Provinces of Agra and 
Oudh for the year ending Slat 
May 1926. 

Issued by the Department 
of Agriculture, United 
Provinces. 

Superintendent of Gov- 
vemment Press, Alla- 
habad. 

23 

Combined Report on the Exj>cri- 
mental 8t4itions in the Eastern 
Circle, Partabgarh for the year 
ending 3l8t May 1926. 

1 Ditto 

Ditto 

24 

Report on Agricultural »Stati«»ns 
of the North-eastern Circle. 
United Provinces, for the year 
1924-25. 

Ditto 

Ditto 

25 

1 

1 

Report on the Agricultural 
Stations in the Rohilkhand 
Circle, Shahjahanpur, UiiiU'd 
ProvinecH, for the year ending i 
3l8t May, 1925. 

Ditto 

Ditto 

26 

lieport on the working and Ad- 
ministration of United Pro viiu'es 
Oovornment Gardens for the 
year 1924-25. 

Ditto 

DitU) 

27 

Sheep' Broc?ding Exjx'riments in 
the United Provinces by the 
Civil Veterinary J.>e{>artmeut 
during the years 1912 to 1923. 

Captain S. G. M. llicktiV, 
M.R.C.V.S., i.V.S., 

Veterinary Adviser to 
Government, United Pro- 
vinces. 

Ditto 

28 

Season and Crop Rt 4 )ort of the 
United Provinces of Agra and 
Oudh for the year 1924-25. 
Price, As. 14. 

Issued by the I>ei)artmoni 
of Land Records, United 
Provinces of Agra and 
Oudh. 

Ditto 

29 

Annual Report on the Ojxjratioiis 
of the Department of Agricul- 
ture, Punjab, forthe Year ending 
3(Hh Juno 1924, Part II, Vola. I 
and 11 (Annual Record of Ex- 
perimental work). Price, Rs. 1 1 . 

Issued by the Department 
of Agriculture, Punjab. 

Government Printing, 

Punjab, Lahore. 

30 

Seasonal Note for October 1925. 
Price, Rs. 3. 

Ditto 

Ditto 

31 

Report on the Lawrence Gardens 
for the year 1924-25 Price, 
As. a. 

Ditto 

Ditto 
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List op Aoeioultural Publications — conld. 


No 

Title 

1 Author 

Where Published 


General Agriculture — oontd. 


32 ' 

1 Season and Crops of the Punjab for I 
the year 1924-25. Price, Its. 3 
or 4«. 

[ Issued by the Department 
of Agriculture, Punjab. 

Government Prinling, 

Punjab, Lahore. 

33 

Tables of Agricultural kStatistics 
for 1924-25 of the Punjab 
j)epartment of Agriculture. 

Ditto 

Ditto 

34 

List of dates of horse and Cattle 
Pairs for 1926-20. 

Ditto 

Ditto 

35 

Uo.sulta of Trials of Oluittonooga 
No, 44 Power Crusher at Gurdas- 
pur. Punjab iJepartincnt of 
Agriculture, Leaflet No. 33. 

Ditto 

Ditto 

30 

37 

! 

i 

So me hint on Potato Cultivation 
in the Punjab Plains. Punjab 
Department of Agriculture 
Leaflet No. 35. 

llroom-rape and its eradication. 
Punjab Depart?nent of Agricul- 
ture, Leaflet No. 38. 

Ditto 

Ditt<» 

Ditto 

Ditto 

3S 

Report on the Season and Crops of 
the Nortii-West Proiitier Pro- 
vince for the year 1924-25. 
Price, Re. 1 -7 or 2.5. od. 

Revenue Commissionor, 

North-West Frontier 

Province, 

North-West Frontier Pro- 
vince Gtiv^t'iiiment 

Printing and Sla- 

tionery office. 

39 

Report of the Agri<;ultural Depart- 
ment, Assam, for the year ending 
31st March, 1925. 

Issued by the Department 
of Agriculture, Assam. 

As.sinn iSc< Tela rial 

Printing Ofliee, Shil- 
long. 

40 

Tables of the Agriiuiltural Statis- 
tics of Assam for the year 1924- 
25. 

Ditto 

Ditto 

41 

Report on the Operations of tin; 
Department of Agriculture, 
Burma, for the year ended 30th 
June, 1925. 

Issued by tbe Dej>artnient ' 
of Agriculture, liuiiua. 

Goverment Piinting 

and Stationery, Burma, 
Rangoon. 

42 

Report on the Mandalay Agricul- 
tural Staiif)!! for the year ended 
30th June 1925. 

Ditto 

Ditto 

43 

Report on the Padu Agricultural 
Station for the year ended 30th 
.lunc 1925 

Ditto 

Ditto 

44 

lloport on the Tatkon Agricultural 
Station for the year ended 30th 
June 1925. 

Ditto 

l)ittr» 
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No I Titlo Author Whei*e PubJishoii 



(jcutr.il 

A (jricu tare — co nt d . 


45 

Report nu the Yawnghwe A^rrieul- 
tural Station for the year eiuled 
.*30bli June 1925. 

Issued by the llepartiiient 
of Agriculture, Burma. 

Government Printing and 
Stationery, Burma. 

Rangoon. 

4(i 

Itefiort on the Alahlaing AKrieut- 
tural Station for tlie year ended 
30th iJiine 1925. 

Ditto 

i 

Ditto 

47 

Report oti the. Allaninyo and 
Pwinbyii Seial h'arm for tlie year 
ended 30th June 1925. 

( 

Ditto 

Ditto 

4S 

R<‘jiort on the Akyah Ajirieultural 
Station for the year ended 30lh 
June 1925. 

Ditto j 

Ditto 

49 

R(‘j)»»rt on the H inabi Ajji icultural 
Station for the Year ended 30th 
June 1925. 

Ditto 

Ditto 

i 

50 

Annual Re])orL of the Agrieultuml 
Eti).jineer, ihirina. 

Ditto 

1 Ditto 

51 

Aujiieiiltural StatintieB of Jhiirtui ; 
for tile yeiir 192-1*25. Piiee, 
Re. 1 -S or 2.if. 3f/. 

Published by CoinmiHsioner 
<»f S<;ttleinentH and Land 
Records, Burma. 

Ditto 

52 

Sea.son and Crop Ib port of Ihirrna 
for tile y'ear eiuliiij^^ the 3nth 
tfune 1925, Price, Re. I or l.y. 
Gd. 

Ditto 

Ditto 

! 

! 

5:? 

Mysore Agricultural Calendar, 

■j 92G. 

Dejiartmeut of Agriculture, 
Mysore. 

i Goverument Press, Ban- 

i galore. 

i ^ 

54 

Journal of the Mysore Ayricttliarul 
and Experimenial Union (Quar- 
tcji'ly). Annual subscription, 

Rs. 3. 

Mysore Agricultural Ex- 
jierimental Union. 

1 

1 Bangalore Press, 13an- 

j galore. 

1 

55 

The Journal of the Indian Rota- 
ideal So(dety. (Formerly the 
Journal of Indian Botany.) 

Edited by P. F. Fvson, M. 
A., F.L.S. 

1 

The Methodist Publish- 
ing House, Madras. 

i 

5r) 

The Journal of the MadrUyS Ayri- 
cultural Students'' Union (Month- 
ly). Annual subHcription, Rs. 4. 
Single copy, As. U. 

Madras Agricultural Stu- 
dents’ Union. 

j The Electric Printing 
Works, Cuimbattire. 

i 

57 

The Plantem^ Chronicle (Wcehly). 

United Planters* Associa- 
tion of South India, Coiin-: 
baioro. 

1 

1 Electric Printing Work, 
Coimbatore. 
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General AgrieuUure — ooncld. 


58 

Poona AgricvUural OoUege Maga- 
zine (Qaartorly). Annual 

subsoriptiou» Rs. 2, Single copy, 
As. 10. 

College Magazine Committeei 
Poona. 

, Arya Bhusan Press, 
Poona. 

59 

The Old Boys' Magazine^ AgricvX- 
tural College f C'aia/ipofc( Quarter- 
ly). Price, As. 8 per copy, 
Annual subscription, Rs. 2. 

M. L. Saksena, L. Ag., E<lit- 
ov. 

Cawnpore Printing Press. 

60 

The Allahabad #’arwer( Quarterly). 
Single copy, As. 8 ; per year 
Rs. 2. 

W. B. Kayes,*) 

A. Sinha, >Editors. 

N. R. Joshi. J 

The Mission Press, Alla- 
habad. 

61 

The Bengal AgrictUtural Journal 
(Quarterly). (In English and 
Bengali). Annual subscription. 
Re. 1-4, Sinlge copy As. 6. 

Issued by the Department 
of Agriculture, Bengal 

Sreenath Press, Dacca. 

62 

i 

Quarterly Journal of the Jndiaii 
Tea Association. Price, As. 6 
per copy. 

Scientilic Department of 
the Indian I’ea Associa- 
1 lion, Calcutta. 

Catholic Orphan Press, 
Calcutta. 

63 

Indian Scientific Agriculturist. 
(Monthly). Annual subscrip- 
tion, Rs. 4. 

K. C. Sturgess, Editor, J. 
W. McKay, A.R.C.Sc., 
N.D.A., Consulting 

Editor. 

Calcutta Chromotype Co. 
52-53, Bowbazar Street, 
Calcutta. 

64 

Rural Bengal, 

N. N. Gupta, B.A., Ph.D., 
B.Sc., Editor. 

Sremat Bhagabat Press : 
Bhowanipore, Calcutta. 

65 

Krishak (Bengali). (Monthly.) 
price. As. 5 per copy. Annual 
subscription, Rs. 3-3. 

U. C. Banerjee, Editor. 

Sri Ram Press, 162, Bow- 
bazar Street, Caloutta. 


AGRICULTURAL CHEMISTRY 


66 

The Quality and yield of Tobacco 
as inOuenced by Manorial and 
other 0i>eration8. Memoirs of 
the Department of Agriculture 
in India, Chemical Series, Vol. 
VIII, No. 1. Price, As. 8 or 9d. 

J. N. Mukherji, B.A., B.Sc. 

Mansj^er, Govemmeni of 
India Central Publica- 
tion Branch, Calcutta. 

67 

Investigations on Indian Opium, 
No. 4 — Further Experiments on 
the Influence of Manures on the 
Yield and Morphine content of 
the latex of the opium poppy. 

Harold E. Annet , D.Sc., 
FJ.C., M.S.E.A.C., and 
Har Dayal Singh, B.Sc. 

Ditto 
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No. 


Title. 


Author. 


Where Published, 


Agricultural Chemistry — contd. 


No. 5 — Experiments on oil content 
of the seed of the opium Poppy ; 
and No. (i — Studios on the Ash 
constituents of Indian Opium. 
Memoirs of the Department of 
As^riculturo in India, Chemical 
.Series, Vol. VIII, Nos. 2-4. 
Price, As. 8 or lOd. 

Harold E. Annctt, D.Sc., 
F. M.S. E.A.C., and 
M. N. Bose, M.A. 

Manager, Government of 
India Central Piiblica* 
tifin Branch, Calcutta. 

Nitrogen llecujieration in the Soils 
of the Bombay Deccan. Me- 
moirs of the Dejsirtinent of Agri- 
culture in India, Cheraical Series, 
Vol. VIII, No. 5. Price. As. 4 
or tni. 

1). L. Saha.srabudilhc, M.Ag., 
.M.iSc., and J. A. Daji, 
B Ag., B..V. 

Ditto 

neteri<»ration of .Sugarcane during 
its storage by M^ind rowing. 
Memoirs of the Department of 
Agriculture in India, Chemical 
Serie.s, V^ol. VI 1 1, No, 7. Price, 
As. G or Sd. 

Phani Bhiisan SaiiyKl, 

Ditto 

Annual Beport of the Agricultural 
Chemist, Burma, for the year 
ended 30th Juno 1925. 

Is.HUcd l)y the Depar t incut 
of Agriculturt', Burma. 

Cinvernmrnt Printiius 

Burma, Bangoon. 


BOTANY 


A Study of some* Indian (ImsHO.M 
and (iSrasHiand.s. Memoirs of 
the De|»artniciit of Agriculture 
in India, Ihitauical Series, Vol. 
XIV, No. 3. Price, As. 12 or 
Is. 3d, 

W. lbirn.M. D.S<\. b. B. Kul- 
karni. M.Ag., am) S. B. 
(imibuh*, IkAg., B.iSc. 

.Manager. fJnvrrnmeni of 
India (Vntral Publiia 
tiuii Branch, Calcutta. 

lie port of the Botanical Survey of 
India for 1924-25. 

C. (ahlcr. Director. Bi»- 

tanicul .Survi y «>f India. 

.Manager, Guvernment of 
India Pivkk, (\a!cutta. 

Annual Keport of the Economic 
Botanist, Burma, for the year 
ended 30th June 1925. 

Issued by the Dejiariment 
of Agriculture, Buriiia. 

Cio\ eminent Printing and 
.Stationery Burma, 

Ivanguon. 


MYCOLOGY 


74 

Bordeaux or Burgundy mixture as 
a provontive to Potato disease 
{Phylophthota) (in English). 

Issued by the Department 
of Agriculture, Assam. 

Assam .Secretariat Print- 
ing Office, Shillong. 

75 

Annual Keport of the Mycologist, 
Burma, for the year ended wth 
June 1025. 

Issued by the Department 
of Agriculture, Burma. 

Covernnient Printing, 

Burma, Bangoon. 


H 
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No. 

Title. 

Author. 

Wheic Published, 


ENTOMOLOGY 


76 

A Contribution towards a Mono- 
graph of the Indian Conioptery- 
gidse (Neuroptera). 

C. L. Withycoiiibe, Ph.D., 
M.Se., D.IC. 

Manager, Government of 
India Central Publica- 
tion Branch, Calcutta. 


The Bionomics and Lifehistorien 
of some of the Common Taboni- 
dse of Pusa ; and Home Obwr- 
vaiions on the Life history and 
Habits of Phycus brnnuexis, 
W'ied ^ Family There vddap). Me- 
nsoirs •»£ the Department of Agri- 
culture in India, Entomological 
Series, Vol. IX, Nos. 1-3. Price, 
Rs. 2-2 or 4.'<. 

P. V. Isaac, B.A,, M.Sc., 
D.I.r., F.E.S. 

Ditto 

77 

Ihiblicatious on Imliau Entoiuo- 
Jogy, 1921. Pusa Agrii ulttinil 
Rcseardi Institute Bulletin No. 
161. Price, As. 8 or 9d. 

(^:»mpiled by the Imperial 
Entomologist. 

Ditto 

78 

The Rico ffispa — A ixjst of ])addy. 
Madras Department of -Agricul- 
' ture Leaflet No. 1 (revised) (in 
English, Tamil, Kauareac and 
Malayalam). 

I Pao Sahib Y. Rn maebandra 
Rao, Government Ento- 
imdogist, Coimbatore. 

Government Press, Mad- 
ras. 

79 

Report on a tour to investigate the 
causes of failure of tlie. Lac crop 
ill the Mathurapur Zemiiidary 
in the Malda District. Depart- 
ment of Agriculture, Bengal, 
Bulletin No. 50 (in Bengali). 

Issued by the Department 
of Agriculture, Bengal. 

Bengal Government Press, 
Calcutta. 

80 

Annual Repfut of the Eutotuolo- 
gist and Seriimltural Work, 
Burma, for the year enderl 30t)i 
June 1925. 

Issued by the Department 
of Agriculture, Burma, 

Government Printing, 

Burma , Rangoon. 

81 

A Note on Kutra (Hairy t ’ate i- 
pillars of Amsticta sfieeics). 
Punjab Department of Agricul- 
ture Leaflet No. 36. 

Issued by the Department 
of Agriculture, Punjab. 

Government Printing 

Punjab, Lahore. 

82 

Attack of Sugarcane Borers and 
how to reduce them, Punjab 
Department <»f Agriculture 
Leaflet No. 37. 

Ditto 

Ditto 

83 

Lantana known as Pang Phvli. 
Punjab Department of Agricul- 
ture Leaflet No. 39. 

Ditto 

Ditto 
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List of Agricultural PuBiJCATioNs—oo^^t/. 


No. 1 

Title. 

Author. 

Where Puhilished. 


BACTERIOLOGY 


84 

Loss of Supar by inversion in Sugar 
Fa<^tories in N(irtboni India and 
' its prevention by AidiKeptie 
Measures. Uusa AgricuH ural 
llesearc.h Institute* Bulletin No. 
Price, As. 2 or !{r/. 

C. M. Hutchinpon, (‘.J.E., 
li.A., and C. S. Kam Ay- 
yar, B.A- 

1 Manager, Government of 
India Central Publica- 
tion Branch, Calcutta. 


VETERINARY 


Hf) 

Nasal (iranubuna in Cattle. Me- I 
rnturs of the Department of 
Agriculture in India, Wdeiiiuu v | 
S<‘rie8, V'ol. Ill, No. »l. }*fi<e, 

lt<‘, 1 or 1 V, (id. 

V. Kri.shnamurt i A war, 
l.\.S. 

Manager, Government of 
India (Vntral Publica- 
tion Branch, ( alcutta. 

80 

Skin Disea.ses of Dogs. Punjab 
Department of Agrieulturt* Bul- 
letin No. 15 (in I’rdu). 

Issued hy the Department 
of .Agrirult\ire, P»mjal>. 

Government Printing. 

Punjab, Lahore. 

87 

A Further note on Surra Trans- 
mission experiments with 'Picks-. 
Punjab Department of Agric-ul- 
ture Jiullotiii No. 8. 

Ditto 

Ditto 

SH 

Annual Administrative Kepoits^if 
the Bombay V'ety'inary ( U>llege, 
Glanders and Farcy Depart ment 
and Civil ^'eterinary .Depart- 
ment in the Bombay Presidency 
(ineluding Sind) for the year 
1924-25. 

Issued hy tl»e (.'ivil X'eteri- 
nary lV|»aitment . Ihmi- 
bay. 

Government Cential Piess, 
Hornliay. 

89 

Annual Be* port of tin* Ikmgul Vete- 
rinary College and Civil Veteri- 
nary Department, Ik*ngal. 1924- 
25. Price, Re. 1 or l.v. 9(/. 

Is.sued by the Civil Veteri- 
nary Depjartmiuit , Bengal. 

IVngal Government 

Press, Calcutta. 

90 

Annual Report of the C'ivil Veteri- 
nary .Department, Bihar and 
Orissa, for the year 1924-25. 
Price, Re. 1-4. 

Is8ue<l by the f^ivil Veteri- 
nary Department, Bihar 
and Orissa. 

Government Printing, 

Bihar and Ons.'^a, Patr.a. 

91 

Annual Report of the Civil Veteri- 
nary Department, United Pro- 
vinces, for the yoar ending 21 st 
March 1925. Pri( e, Re. 1 8, 

Issued hv the Uivil Veteri- 
nary Ih'partment, Unitf d 

J Provinces. 

Government Press, United 
Provinces, Allaha l>ad. 

92 

Report of the Civil Veterinary De- 
partment of the Central Pro- 
Vinces and Bc*rar for the \enr 
1924-25. Price, Re. 1. 

lspue<l hy tfie Civil Veteri- 
nu ry 1 )epa rl imuit ,( 'en t ra 1 
Provinces and Berar. 

1 Government Presr, (Vn- 
tral Provinces, Nagpur. 


I 
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Title. I Author. I Where Published. 


Veterinary — oontd. 

93 Report of the Civil Veterinary De* lasued by the Civil Veteri- Government Printing, 

partment (including the Insein nary Department. Burma. Burma. Hangonn. 
Veterinary School), Burn>a, for 
the year ending 3lBt March 1924. 

Price, Re. 1 or 1«. Gd. 

94 Report of the Civil Veterinary De- lasued by the Civil Veteri- Aasam Secretariat Print- 

pa rtnient, Assam, for the year nary Department, A swim. ing Office, Shillong 
1923-24. Price, As, 8 or 9d. 

95 Report of the Civil Veterinary De- Issued by the Civil Veteri- North-West FrcmtierPro* 

partment, North-West Frontier nary Department, North- vince Government 

Province, for the year 1924-25. West Frontier Province. Press. 

Price, As. 15 or 1«. Id. 

96 Annual Report on the working of Issued by the Department Government Press, Ban- 

tho Government Stud Farm, of Agriculture, Mysore. galore. 

Kunigal for 1924-25 with the 
Government Review thereon. 






PLATE Vlll, 



IN PASTURES GREEN. ONE OF THE ONCOLE HERDS OF THE iVLADRAS DEPARTMENT OF AGRICULTURE AT HOSUR. 



Original articles 


BREEDS OF INDIAN CATTLE. 

U. THE ONGOLE OR NELLORE BREED. 

BY 

W. SMITH, 

Imperial Dairy Expert ; 

AND 

K. W. LITTLEWOOD, N.D.A., 

Dipniff Director of Agriculture, Live Stock, Modrus, 


Both of the ahove uumes liave been freely used in the past in describing this 
well known and \aluable breed of Indian cattle, but the use of this nonienclatuic 
does not mean that the breeding of these animals is confined to either the Ongolo 
or Nellore Districts, as they are bred in all parte of the district lying lietween the 
river Maimeru in the Nellore District and the river Krishna in tht‘ Guntur District — 
a distance of say 100 miles along the coast line and varying from DO to GO miles inland 
Irom the sea. Tloi famous Krishna Valley cattle from the Belgaum District of the 
l^residen(*y of Bombay are also of this breed or type, although they have in the course 
of yoiU's been bred in this very fertile district of a larger size than the Nellore cattle 
of the Madras Presidency. Both in the Bombay rresidency and in the breeding 
grounds in Northern Madras, t.he cattle are mostly bred on the banks of streams 
and rivers. The breeding tract in the Madras Presidency is a dry one, the rainfall 
on the whole being under 30 inches with frequent failures from year to year. 

The breed is said to have been founded in the days of the Andhia kings long 
before the advent of the Mohammadans by the importation of cattle from Northern 
India. 

From the commencement of British rule in this country notice has been taken 
of the fine cattle found in the Nellore District, and in the men-gre literature avail- 
able concerning Indian dairying this breed is always referred to. In ‘‘ Dairy 
Farming in India by Miuigher and Vaughan published in 1904, a very good photo 
of a Nellore cow is reproduced and the breed is referred to as fairly good milkers. 

( 2C3 ) 

C 
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In tho volume ‘‘ Cattle of Southern India ’’ written by Col. W. D. Gunn, Superin- 
tendent of the Madras Veterinary Department, and published by the Government 
of Madras in 1909, no less than 19 photographs arc reproduced illustrative of this 
breed, and a fairly elaborate account is given of the habitat of the breed, its charac- 
teristics, and the system of breeding, re4iring and marketing in vogue in the 
breeding tracts. No information is given as to results of recorded milk yields, 
quality of the milk yielded, frequency of calving, etc. 

In colour the Ongole breed are generally a light grey to pure white with black 
points, but animals arc frequently found red and white in colour (Plate Xj. 
The coat is fine and silky to th(‘ touch, the skin slack, smooth and not too fine. 

The very best class of bulls weigh as much as 1 ,800 lb., good average cows weigl) 
between 800 and 900 lb., and first class working bullocks under common working 
conditions run about 1,200 to 1,.300 lb. weight. 

The principal physical features of the breed ma}^ be classed as follows : — 

Head, Face moderately long. Mu;izle fine, forehead broad. Eyc^s elli])t - 
cal in shape, large and mild. Skin around the eyes for about half 
an inch is black. Ears long and drooping. Horns generally short 
and of various shapes. In cows the liorns are a little longer, thin and 
turn outwards and slightly backwanls. The sha]>e and size of the 
horns vary in different parts of the tract and also with the ag<^ of the 
animal. Ears long and drooping. 

Neck, vShort and thick. 

Hump, Well developed. In the older males to such an extent that it 
droops over to one side. 

Bod?/. Massive, long and deep. Big girth moiisurement. In line speci- 
mens the girth behind the hump is ai)out 84 inches and the height 
behind the hump ()3 inches. 

Bac.k. Of moderate length and inclined to be higher at the crou]). 

Qiiattcys. Strong with a considerable droop. 

Dewlap. Loose, pendulous, thick and sometimes folded. Extends as far as 
sheath. 

Sheath, Pendulous. Oows also have a fold of the skin in the jioaition of 
tlie sheath. 

Tail. Long, fine, and tapering with a good tuft of black hair at the end. 
The tail extends below the hocks. 

Legs. Strong and with good bone. 

Feet. Large and soft looking, narrow cleft between the hoofs. 

The Ongole breed are docile, easily trained for any class of work, and many 
working animals are handled without nose rope. When compared with the swift 
Arnrit Mahal or the ngil(' R'lngayam breeds of Houthern India, they are mo- 
derately slow walkers but very ])owerful and possessing great spirit and powers of 



PLATE IX 



Photo lent bf, Mr- F. ITar.'. F.R.C.V.S. 

Fig. 2. Champion pair of hiillocks, Ongole Show, 1915. 




PLATE X. 



Fi?. 2. Champion bull (8 teeth). Ongule Show, 1915. 
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endurance. They are the ideal working cattle for the heavy soils of the Noithein 
Circars. In fact, as a powerful and efficient working bullock of the luavier type, 
the Ongole breed is probably equal to the best breeds of the Boiribay Presidency, 
Central and Northern India. In days gone by, this breed had a great reputation as 
milch cattle and they still are easily the best milking breed of Southein India. 

The late Deputy Director of Agriculture, Live Stock, Madias, has left on record 
that some cows and heifers of this breed are sent from the Ongole District 

annually to Madras city to meet the demand for fresh milk there. Some of these 
after they go dry in Madras are sent back to the br<^edlng tracts until they calve 
again. In fact the Ongole breed is to-dav a standing proof of the utility of the dual 
purpose cow for this country. U]) to the present very few authentic records of the 
milk yield of Ongole cows have been kept, but the following accuiate figures will 
convey some idea of themilkiiig qualities of the breed. 


Milk yields with analysis of 6 individual cows in the herd of (he Madras Ayriculluial 

Dejiartment. 


V(»p Kc. 6 Satyiibhama ; Wei^iht 868 ib» ; Colour irhile ; Dont 191S, 
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1 

[S 
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1 
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lb. 




lb. 
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1 .... 

j Per Oi^nt. 



('otr 

A*o. 3 Vnrv'athi ; fTViVW 796 lb. ; Colour whitr ; 

J5of» 1918. 
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Milk yields with analysis of 6 individual cows in the herd of the Madras Agricultural 

Department — contd. 


No. of 

days in 
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Yiolii 

dtiriiij? 

lactation 
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per day 

1 
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(lay>* 
dry 

Date 

of 
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MILK ANALYSIS 
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1 

KTENIKQ 
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Cow No. 6 Janaki ; WeigJd 808 lb ; Colour white ; JSorn 1918^ 
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26-2*25 

(^Average 

4*1 

4*9 

3*9 

6*3 


Cow No. 18 liadha : Weight 772 lb. ; Colour whiU ; liom 1916 




1 



r 15-9-25 

9*9 

4*8 

7*0 

5*1 

3.58 

1353*2 

0*0 

109 


\ 16-9-25 

8*0 

5*0 

7*5 

5* 


i 




r 17-9-25 

8-0 

1*4 

7*0 

4*' 

255 

2481*9 

1 

9-7 

120 


I 18-9-25 

.8*5 

4*7 

7-0 

5*( 






r 19-9-25 

7*0 

4-8 

5*8 

5* 

354 

4723 

13*3 

133 


X 20-9-25 

7*3 

4 4 

7*0 

4*1 

213 

.037 

14*. 3 

.82 


r 21-9-25 

7*0 

.5*0 

6*5 

5* 

114* 

1887 1 

16*6 


24-.5-25 

Average 

7*8 

4*7 

6*5 

5* 


Cov! No. 2l Maholaknhmi ; WHgId 859 lb. ; Colour white ; Norn 1917. 







r 15-9-25 

6*0 

5*1 

5*5 

6*3 

250 

2310*8 

9*2 

170 


\ 16-9-26 

5*0 

4*8 

[6*5 

ffl-l 






r 17-9-25 

5*5 

4*5 

’6*0 

6*2 

404 

349.-< 

8-7 

166 


*■! 









L 18-9-26 

5*0 

4*4 

r5*o 

6*6 






r 10-9-25 

4*5 

4*7 

4*0 

5*2 

222 

3070 

16*5 

92 











t 20-9-26 

5*5 

5*2 

5*0 

5*3 

133* 





r 21-9-26 

5*0 

4*5 

5*0 

6*6 

1891 

14*2 


6-5-26 

4 








Average 

5*2 

4*7 

5*0 

5*8 


* Corrent. 
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Milk yields with analysis of 6 individual cows in the herd of the Madras Agricultural 

Department- concld. 


"“1 

No. of 
(IHVJ* In 
milk 

Ylold 

Inctatl »n 

Avora^'® 
>lcM 
j>eT day 

No. of 
days 
dry 

Date 

of 

talvln^ 

MILK ANALYSIS 

Datf 

^ Morvikq 

Evffing 

Milk >lol(!l 

fat 

Milk yield 

I'ntter fat 


lb. 

lb. 




II». 

Per cent. 

Ib. 

Per Cent. 


Cou' No. 44 Raiiiaihui ; Weight 804 W. ; C<dour white ; horn 1914. 



List of ihajide Vines at Aijriiultural (^idlvgv Dairy. Coiiahatirn . v tfl yalds aial 

avvragr fat jifrventaijv. 


Serial 

No. 

Name and numl^er of cow 

Milk yleldje In lb. 

Avorape % 
of fat 

J 

Uajab lU . . . . 

4972, 5012, 4021 ... 

4-S 

- 

nainmaid ^i/H ..... 

3(M»2. 23621, 30 »l>, 866^ ... 

1-3 

M 

M*'OTUiK>eni 4/4 ...... 

1205, 1253, 1 174, .si 9 . , . , 

4*9 

4 

JlaniBri 20/20 ... . . 

2347, 2730, 2103 . 

•4 3 

T) 

Parwathi 21/21 . 

24.S4. 2100, 1011 . . . 

S'H 

t) 

Tbulnsi 22/22 ...... 

2230. 2r>sl, 2sl0 . 

3-4 

7 

I.ilawathl 24/15 ... 

2005, 1200, 1 HOI 1 

5-4 

h 

Kalya ni 52/40 ...... 

230,"), 1205 ..... 

16 


Amrawathi 04/58 . 

1821,1802 ..... 

51 

10 

Padnia 40/43 . . . . . | 

2972, 19534 ..... 

3-8 

11 

Uk«hinll>al 6/5 ..... . 

3719-6 ..... 


12 

Thulia 53/50. ...... 

530 ....... 

5-2 

Hi 

ThaiiRam 114/38 

2W.7. 605 ... 


14 

Knlkei 100/80 .... 

20.99,2742,24.52,17 91 . . . . 


15 

Napa 57 

35l| 

■■ 
























1ST Lactation | 2nd Lactation ' 3rd Lactation i 4th Lactation 
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Fig. 2. Ongolo stud bull, Hotur F»rn>. 





Fig. 2. Brazilian bred Ongolc Keifcr “ India ” ; 3 years old. 

(Both property of Gino de Bellens Bezzi, Barra Mansatluate, Rio de jatielro.) 
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The Ongole breeders from time immemorial appear to liave, paid great attention 
to the selection of the bull for breeding purposes, and even to-day wlieii the Urahmani 
system of relying on dedicated bulls has largel} fallen into disuse considerable care 
is taken on the mating of the cattle, and consequently the breed is from an Indian 
point of view a comparatively pure one and can generally be depended on to breed 
true to type, a fact which is borne out by a study of the half European milch cattle 
of Madras, many of which show clear indications of their Nellore blood. The fore- 
going figures show that the cows of this breed rank amongst the first class of Indian 
milch cows, and it is certain that if scientific breeding by selection along milk pro- 
ducing lines were practised a vast ini jirovtment could be made in the milking quali- 
ties of the breed. Breeding in times past has been largely done by Brahmani bulls 
or other male stock selected entirely on their appearance and without any legaid 
whatever to the milking qualities of the female stock from which bulls weic got, 
and in view of this it is remarkable that so many good milkers of the breed are still 
available. 

(Jiirefully reared bullocks of tlie breed are ready for work when about 4 years of 
ago, and heifers generally take the bull at about 3 years and calve before they are 4 
years of age. 

The foregoing figures will show that the dry period in milking cows is giuierally 
of longer duration than it ought to be, but in this respect the Ongole is better than 
most of the hwivier breeds of Nortliern India, and in well managed heuls there 
should be no difficulty in getting cows to ealve on the a\ erage once in 15 to lb 
months. The breed is hardy and carries a high degree oi resistance to the common 
diseases of the country. 

There is probably no breed of oriental cattle so well known outside of their own 
country as the Ongole breed. Large numbers of both sexes of these animals have 
been in the jiast exported to Brazil and the other South American Republics, W(^st 
Indies, Cuba, Mexico, Southern States of America, Java, Straits Settlements, Ceylon, 
Sumatra, Borneo, Siam. Formosa, Hong-Kong and Southern China, in fact, so 
highly did the foreign tro])ical buyers esteem the dual purjjose qualities of this 
breed that very high ])rices were paid for the best classes of animals, and conse- 
quently the breeding districts wore being depleted of not only the young bulls but 
the best of the female stock were being exported. To prevent the extinction of the 
breed, the Madras Government some years ago passed a law prohibiting the export 
of cattle of this breed from the Madras Presidency which law is still in force. 

Vjery fine pedigree herds of the breed have been founded in Sumatra, West In- 
dies, Cuba and Brazil, and the animals are bred pure in these countries where they 
have a very high reputation not only for their draught and milking qualities but 
as sires for crossing with local and European breeds of cattle for the production of 
beef. Plate XII is of pure bred Nellore animals bred and reared in Brazil. 

The Agricultural Department of the Government of Madras has founded pure 
herds of Ongole cattle at Chintaladevi in the northern part of the presidency and at 
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Hosur in the Salem District. Accuratemilk records arcmaintained at these stations, 
and breeding on dual purpose lines carefully practised. 

Young bulls of the proper stamp are reared for distribution in the breeding 
districts, and it is hoped that when the breeders can b(^ organized to breed and rear 
these cattle on scientific lines the proliibition on cx])ort of heifers ma\ be removed, 
thus again opening the lucrative foreign market without the dang('r of extinguish- 
ing the breed. 
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PHICSIDEOTIAL address at the ADKIGULTURAL SE(TrK)N OF THE INDIAN 

SCIENCE (^ONGPESS, 1926. 

BY 

G. S. HENDERSON, N.D.A., N.D.D., 

Imperial Agriculturist^ Pusa, 


I RAVE much pleafiiire in welcoming the delegates to this meeting and trust 
that the present session will result not only in the digestion of the very valuable 
papers wliicli have l)een contributed but also in fruitful discussions on the points 
at issue. The present time is one of great importance to agricultural interests in 
India. More prominence is being given to the study of agricultural conditions and 
problems in India by Government than at any time in the past : it is recognizing that 
agriculture is our fundamental industry. Lord Reading said in a recent speech : 
“ As I grow older in my service to India, as I|learn to understand her (India’s) 
problems, as I perceive more keenly the anxieties of India. I come more and more 
to the. conclusion, aided and assisted by thoso’'who luive the knowledge and expe- 
ri(*nce, that the great industry of India, to which India must look for her regenera- 
tion and her prosperity, is her agriculture ; and \ve must do all we can to further 
it.” This wull certainly mean the strengthening of the Provincial Agricultural and 
Co-operative Departments. Under tlie Reforms Scheme, agriculture is now a 
transferred subject and the Provincial Departments of Agriculture are entirely 
under the jurisdiction of the local Provincial Councils. Whether this change will 
prove in the long run successful, I would not venture to forecast. It was in any case 
a somewhat drastic step to take with young departments, and this departure will 
certainly entail some difficulty in organizing and strengthening the hands of a central 
co-ordinating body. 

My ])redece88or, in his presidential address of last year, dealt wuth some aspects 
of th(‘. work of a Provincial Department of Agriculture. He particularly laid stress 
on tlie results obtained by the plant breeder in raising the standard of crop produc- 
tion. It is obviously a fact that district research and propaganda i s the fundamental 
work of the Agricultural Department. This combined with cattle-breeding and th(‘ 
study of farm machinery, implements, well-boring, principles of rotation, upkeep 
of fertility, manures and manuring are the aspects most prominent to the average 
observer. Very much more than this, how^cver, is represented or should be re- 
presented in th^ activities of an Agricultural Department. I wish to ]>ut bri«'fly 
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before you the possible scope of a modern Agricultural Department in order to 
obtain the benefit of your views on this very iinportant subject at a somewhat 
critical moment in the history of the agricultural movement in India. 

In considering this subject, it is necessary to use with care the term “ Indian 
Agriculture.” There is really no such thing, and people are apt to imagine a homo- 
geneous whole when such a thing does not fexist. Agricultural conditions vary 
more in different tracts of India than between Finland and the South of Spain. 
There are large areas of famine stricken land and areas of marvellously rich land 
giving three rice crops annually in the alluvial deltas of the South, and contrasts 
like the rich paddy land of Bengal and the arid wastes of Jtajputiina. Districts 
there are where the price of agricultural land may be a thousand rupees an acre, 
and otluu's where land may be got for a few rupees. There are districts where 
money is plentiful, where the most modern agricultural machinery can be found 
and where any practical and proved agricultural iiuproveimuit is likely to meet with 
a rccidy welcome, while there are others where agriculture is still in the most primi- 
tive stiite. 

I should like to deal at the beginning wuth some of the common criticisms of 
the w ork of Agricultural Departments in India. The most general one is that the 
experiment stations are too elaborate, the buildings much too expensive and the 
whole system unlikely to do any good, as those farms cannot be copied by the 
averages ryot. These stations are in most cases for research purposes ; they are 
field laboratories and, as such, arc not meant to be copied by the ryot. Thiur duty 
is to get results and these results have to be translated into practical agriculture, 
probably one or twH) simple recommendations at a time which by means of the 
district propaganda staff arc in turn demonstrated in the villages. The buildings, 
too, are not the affair of the Agricultural Department. They are type designs built 
by the Public Works Department in accordance with Government rules ; in most 
cases the Agricultural De])artment has no powder to modify them. The staff also 
has got to conform to Government rules, and the whole- establishment becomes 
much more expensive than a similar concern run by private cjiterprise 

Another criticism is that the ryot still keeps to his traditional methods and seems 
to be unaffected by the ])resencc of improved methods in his district. This, to a 
cerUiin extent, is undoubtedly true. But the reasons are obvious. First, it is merely 
a matter of proportion. A few experiment stations can have only a very slow 
effect on the vast area of even a single district. The means must bear some pro- 
portion to tlie end required. There are more than 225,000,000 acres cultivated in 
British India, so a hundred farms or so are quite inadequate to leaven such a large 
mass. Secondly, a considerable proportion of the a.gricultural populalion of India 
is on the border line of extreme poverty ; a good monsoon puts them slightly above 
this linti and a deficient rainfall sends them right below the line. In many cases 
they are bound by the cast-iron fetters of tJieir economic environment such as frag- 
mentation of holdings, debt, diseases of man and cattle, etc., so that better 
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farming is in their case an impossibility until their gcMieial economic state is ame- 
liorated. ‘‘ Hasten slowly ’’ is an invaluable motto in these circumstances. The 
ryot, especially in tracts liable to periodic failure of rain, has established a nice 
equilibrium between his available manure and his crop out])ut. His traditional 
methods have the experience of years behind them and are not lightly to be disturbe d 
without the greatest care and possibly in tlie first place by the alteration of his eco- 
nomic circumstances. Irrigated areas are the briglit s])otB in India’s agiicultural 
economy. Where irrigation is possil)le, there exists enormous possibilities of agri- 
cultural achievement. 

Otlier criticisms that I have re^id in ])ublic papers are that landlords are getting 
poorer andpoorer, so that they are unable to live on tlieir land and have to seek for 
their livelihood in the large cities. TJie Agricultural Department is blamed for 
being unable to show them quick and easy ways of making money out of their 
holdings. Tlu^ Agricultural Department is also being blamed for the present state 
of the milk supply in the large towns of India. Now both this townward flight 
of the “ bhadraloke ” from the eountry and tlie state of tln^ cities’ milk supply have 
an important coininori factor, and that is the practical difficulty of direct cultiva- 
tion on a large, scale. In India, land is generally cultivated on the batai ” or 
share system. The actual cultivator may give uj) half the produce of the land to 
his landlord for rent. In some cas<;K an agi i‘ement is made with a cultivator for one 
crop only, in other cases for a jicriod of years. In Ihuigal, etc., where the rennanent 
Settlement holds, the landlord, unless lie is also tin*. occu])ier, has no power over tlie 
cro})ping of the laud whatever. He simply eolleclK a certain money rent annually, 
and so long as this rent is paid he can do nothing whatever to the land. Under 
such conditions it is obvious that the Agricultural Department c^in give him very 
little help. In other countries, where direct cultivation is the common practice, 
a considerable amount of ex])erience, capital, technical and business ability are re- 
quired to make a success of direct cidtivation or stock breeding. There is nothing 
in India cuiTcspunding to the rent ]»ayiug tenant farmer farming, say, *100 acres 
and working 6-7 pairs of horses and hiring agricultural labourers and piece workers. 
The “batai ” system is of course a mucli simpler jjroposition ; a tenant with a pair 
of bullocks will take up 10 acres of crop and, in most cases, tenants will do reason- 
ably good work for a half share of the ]>r()duce. Where direct cultivation is employed 
the capital required is enormously incrwised, large ])ay sheets are needed, dead and 
live stock, agricultural niachijieiy, etc., are all neccssixry, and business ability of the 
highest order is absolutely vital to imike a commercial success of such a proposi- 
tion. The exam])les of direct cultivation on a largo scale are very few and far be- 
tween in India, except in the case of ])lantation crops such as rubber, tea, etc., wheu* 
the conditions are entirely different, involving large capital with small areas, big 
labour forces, intensive cultivation and trained technical staff. 

It is to be noted that no educatio)\al institution can tciich the business side of 
practical fanning. A degree in agricultural sciene.e does not mean that the holder 
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is capable of making a financial success of an agricultural estate any more than a 
degree in commercial science signifies that the recipient could run a commercial 
business successfully. 

In recent years there have been many examples of derelict companies, generally 
owing to the fact that the above principle has not been recognized. Direct culti- 
vatioiL especially in sparsely populated areas, is a difficult undertaking. For the. 
]»roduction of milk on modern lines, direct cultivation for producing fodder is neces- 
sary, and this is probably one of the chief reasons for the deplorable state of the 
milk supply in the big cities of India. The price of milk probably roaches a 
world’s record in Calcutta and Bombay though in the district at some seasons of 
the year there is often a flush of milk, and these periodic flushes can only be utilized 
by extracting butter fat in the shape of ghee. 

This explanation is necessary to make it manifest that not only is research re- 
quired through laboratory and field experiments, but there is a crying need for 
practical investigation into the techniqiu’i of direct cultivation in India on an estatci 
scale. 

The present constitution of the Agricultural Department in India under the 
Central Government consists of an Agricultural Adviser with his estiiblishmcnt 
and the following technical Sections at Busti in Bihar : — Agricultural, Botanical, 
Bacteriological, Clieniical, Entomological and Mycological. There is an In- 
stitute of Animal Husbandry and Dairying at Bangalore and farms at Wellington 
and Karnal. The Agricultural Adviser is also ex-officio Chairman of the 
Indian Central (.’otton Committee. lie is also represented on the Sugar Com- 
mittee and the Cattle Bureau ; at present the latter bodies are still in a transi- 
tion stage. 

Ther(». is an advisory body called th(; Board of Agriculture which meets biennially. 
The present Board of Agriculture is chiefly composed of official represcuitatives 
from th(‘. various Brovincial Agricultural Departments along with ^^eterinary, co- 
operative and other officers. The Board meets alternately at ihisa and a pro- 
vincial centre. Of late years it has deliberated on general questions put to it either 
by the Government of India or suggested by members. The proceedings are pub- 
lished but are not generally known to the public. 

A general feeling has been expressed that some agency having a wider sphere of 
influence is now necessary to keep in touch with the expansion of modern agricul- 
tural methods. 

Besides the education of public opinion on general questions pertaining to agri- 
culture, there is a large field for an influential body to exercise influence on problems 
of national importance. With the present system of decentralization many of these 
problems cannot be taken in hand till public opinion can be brought to bear on 
vested interests. To take one example, the wheat export trade of North-West India 
still goes on in the old wasteful methods ; bags are used instead of elevators 
with heavy expenditure in railways, docks and shipping and consequent lowering 
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in net gain to the cultivator. Very dirty wheat is exported mixed vrith barley, 
rape seed, etc., and with hard red and soft wliite wh(3iit mixed. 

Among the other advantages which might be exi)ected to result from the work- 
ing of some central body might b<j the attraction of capital to agriculture. At 
present both indigenous and foreign capital is very shy of agricultural projects 
though there is plenty of money available for special crops such as te^i. India is 
a large exporter of raw materials, and it would be greatly to the benefit of the countr}' 
if bones, fish, grain and oil-seeds were used and worked up in the country. The 
way to got this done is to influence public opinion. While, as already mentioned, 
owing to economic circumstances, many parts of India present great difficulties for 
immediate agricultural improvements, there are many other special areas where 
there is plenty of money and the time is ripe for improvement. The following heads 
represent the lines which urgently require exj^loiting in a national manner and 
which are common to two or more provinces or States : — 

1. New AND IMPROVED CULTURAL METUODS. 

While these are largely a work of Provincial Departments, there are many pro‘ 
Ijlems which would better be properly investigated by common aedion such as re 
clamation of kalor, usar and alkaline lands. 


2. Irrigation facilities : noTU canals and wells. 

National jiroblems are the duties of water water rt^quireiuents of crops and 
data for the o]>eration of n<‘w canals, also ]>ower W(‘ll lK)res and drainage. ))roblenis. 


:i. Implements and machinerv. 

Elfort should bo made to get foreign makers interested in India.. The agency 
system at jiresent in vogue has nothing to recommend it, and aimuig other disad- 
vantages stocks of s])are parts of machinery sold are inadequate. A ]>o\\ er thri^slung 
machine siaUible for Indian requirement is one of the pressing problems of the da\\ 
1 11 big wheiit tracts the harvi^st of wheat is now beginning to interfere with the sowing 
of cotton. 


4. Improved seeds and emops. 

Under this head there arc infinite possibilities. 

5. Manures, 

A large amount of work is required herein, especially in tlie utilization of 
mauurial cakes, bones, fish, etc., which are at present exported. 
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6. Cattle-breeding. 

India possesses some of the lincst of cattle both for draught and dairy tyjieB 
suitable for the tropics. It also possesses what are probably some of the poorest 
8])eciniens of the bovine race. India might become a large cattle supplier for the 
tropics. 

7. Grading of agricultural troduce especially for export. 

Little or nothing has been done in this line in the past. Other countries have 
put tlieir house in order, as witness the dairy and fruit trade in Australia, graded 
and SLij)ervised by Government, also Canadian graded who.at ; most of India\s 
products are a by-word for dirt and inferiority in the world’s markets. 

8. Educational. 

Education of the right stamp of men with some knowledge of conditions in 
several provinces is essential for the eventual e8bil)li8hment of an Indian Agricul- 
tural De])artment stalled by Indians. Modern dairy and catthi works can also con- 
veniently be de>alt with by some central esbiblishment. 

These briefly are some of the lines of work which can only be adiHjuately dea.lt 
with by some organization run by the Central Government and having adequate 
means and staff at its disposal. 

The constitution and object of the j)roposed central organization will have to 
be worked out in detail. It will be essential to have a permanent Secretary and 
Board of Directors and the headquarters will have to be in touch with the Govern- 
ment of India. Transactions should be published perhaps based on the present 
Agriciilfural Journal of India, 

It may be found possible and desirable to hold an agricultural show on a scale 
properly representative of the nmgnitude of Indian agricultural interests. 

There are many models to choose from in various countries such as the United 
States Department of Agriculture which is largely executive in character. In the 
United Sbites of America the Federal Government corresponds to the Government 
of India, while each Htate has its own machinery corresponding to the various pro- 
vinces of India, so conditions are somewhat analogous. 

As noted above, the fact that agriculture has been made a transferred subject 
under the Provincial Councils, entails a certain amount of difficulty in organizing a 
central co-ordinating authority. The newly elected Legislative Councils may con- 
sider tliat the provincial aspects of agricultural improvements are more important 
to them than any ideas of national significance. It is essential therefore that it 
should be clearly laid down at the beginning that there will be no attempt to inter- 
fere in any way with the domestic policy of any province. On the other hand, 
as soon as a problem becomes of importance to two or more provinces or Indian 



SCOPE OF A MODERN AGRICULTURAL DEPARTMENT 


267 


States, it is essential that this problem must be dealt with by some central represen- 
tative body. 

It would also be desirable that provision should be made in the central body to 
give adequate representation to provincial interests. 

My personal opinion is that the organization of the Department of Agriculture 
of the United States of America should be closely studied, and a similar organiza- 
tion elaborated for India with such modifications as arc necessary owing to different 
conditions. In the United States, there are State Departments of Agriculture 
which are analogous to the Provincial Departments of Agriculture in India. There 
is a Federal Department wliich is financed by the Central CrovernnKuit. A modi- 
fication of this system might possibly be found necessary, viz., to incorporate a 
strong ])ropaganda and advisory section of the Central Department ; on this local 
landowners and ])rivate zemindars and others interested in agriculture could 
b(^ enrolled. 

It would also [)e essential to enlist representatives of the trade interests. In 
t he (;ase of India this is comparatively simple as the particular trades are localized. 
The trade interc^sts would be ludter represented by the formation of Committees 
and (^entral Bureaus on the model of tlic Central Cotton Committee stationed at 
Bombay. Eacli important cro]) might have a similar organization and so also cattle 
and manures. 

Tlie central body could delegate its authority to a consideralde extent to these 
various bureaus and c.ommittees wlien they are in working ordiT. 



rilE WILT DISEASES OF COTTON AND SESAMUM IN INDIA. 


BY 

E. J. BUTLER, C.LE., D.Sc., 

Director, Imperial Bureau of Mycology, Kew, 

The oocurrence of wilt ciiseaBea of cotton and sesamum in India has boon Ire* 
(|uently recorded, and the purpose of the present paper is to describe some un- 
pubhshed work on them carried out in 1912, and to discuss briefly the relationships 
of some Indian wilt-producing fungi. 

Cotton wilt. 

Fresh material of cotton wilt was selected by the writer from a field of Jari cot- 
ton at Matargaon village in the Berars, India, on 2nd October, 1912. There was 
a large patch of wilted plants in this held, and the specimens were taken from live 
plants in an early stage of the disease, each of which had still some of the leaves 
green. 

Isolations were attempted on the same day from each of the i)lants by washing 
a piece of infected tap root in several changes of sterile water, dipping in absolute 
alcohol, flaming off the al(U)hol, and dropj)ing into prepared tubes of iiKidiuiu or 
into sterile Petri dishes. Microscopic examination of adjacent sections of the root 
showed in each case the presence in the vc^ssels of hyphu) resembling those found 
in the wilt disease of pigeon pea [Fusariam udum). Growtli was obtained on the 
oth from tliree of the plants thus treated, the pieces of root from the other two 
remaining sterile. Subcultures were made on nutrient agar from the roots of these 
three plants on the same day. The fungus was similar microscopically on all three 
and was found in two cases to be bearing micro- and small macroconidia of a Ftisa- 
rium, while the third had no spores on the young piece of the mycelium examined. 
On returning to Pusa on 17tli October, good growth was found in the subcultures 
from two of the plants, that from ilie, third being sterile. The fungus was similar 
in both cases and w^aa a Fumriam with numerous microconidia and a few macro- 
conidia. Later on large quantities of chlamydoapores developed in the tubes; 
in cultures these wore collected into stromatio, nodular masses. The inoculations 
described below were from one only of these isolations. 

On 1st August, 1913, four culture pots that had been sterilized after filling by 
heating in the pressure boiler of the Pusa pot culture laboratory were inoculated by 
adding to the soil a suspension in distilled water of this fungus from a pure culture 
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six days old* On 2nd September they were sown with Bani cotton seed sterilized 
by soaking in 0*26 per cent, formalin for three hours, a fresh suspension of the fun- 
gus from a culture of the same date as the last being added around each seed. Two 
other pots similarly treated, except that they were not inoculated, served as con- 
trols. Six more pots that had been sterilized after filling on 29th August were sown 
with the same seed on 2nd September, four being inoculated from the culture last 
mentioned by adding a suspension around the seed, and two left uninoculated. 
Thus four of the pots had received a double inoculation, one to the soil a month 
before sowing and a second with the seed, while four had received the latter only, 
and there were four controls. Germination was poor and all the pots were resown 
with sterilized seed of the same variety on 17th September. The first case of wilt 
in the inoculated pots was observed on 23rd October, and from that time until 18th 
December, when observations ceased, cases continued to occur sporadically in 
five of the inoculated pots. No cases occurred in the other three inoculated or in 
the control pots, one of which was noted as having 1 1 healthy plant G to 8 inches 
high, on 29th November. The conditions in four of the pots are described in detail 
below. 

In a pot containing three plants, one of these plants, about G inches high and 
with about G leaves, began to wdlt on 10th November and it died in the next few 
days. A second began to droop on 17th November and w-as dead two days later. 
It was removed and sectioned. The lateral roots were littb‘ alti red e.xcept for some 
brown stains, especially marked near the junction with the tap-root. The latter 
was not outwardly affected. The collar w^as shrunken. ]ly])lue and chlamydos- 
pores w^ere present in the vessels about 1 inch above soil level, but were not numer- 
ous. Mycelium was also found in the tissues ]| inches below the soil chiefly in 
the vessels and in the centre of the central cylinder. At inches below the soil, 
the tap and lateral roots were free from fungus. A niicroconidiiim was found in a 
vessel near the soil level. Tlie fungus was recovered in a manner similar ^o that 
follow-ed ip the original isolations, and pure cultures on nutrient agar secured. It 
resembled the fungus used in the inoculations and yichled micro- and macroconi- 
dia and chlamydospores. 

On 16th November one plant in a second inoculated pot. in wliich there were 
also a large plant (9 inches high and with about 8 leaves) and a smaller seedling, both 
quite healthy, began to wilt, and wilting was complete on tlie 191 li when the small 
seedling was pulled out and the pot photographed (Plate XI 11, fig. 1). The other 
two plants were then removed and sectioned. No trace of fungus infection was 
found in the tap-root, collar, or stem of the healthy i)lant, while in the other there 
was strong infection extending from the stem above ground to the fine part of the 
tap-root about three inches below. The vessels were in places almost blocked with 
a dense, matted growth of hj^phae, and numerous microconidia were found in them. 
The fungus was recovered as before and pure cultures bearing micro- and macroco- 
nidia and chlamydospores were obtained. 

D 
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On 23rd November a Btroug plant about 8 inches high, in a third inoculated pat 
in which there were i other quite healthy plants, bt^aa to droop. The pot was 
photographed on the 2Gth (Plato Xlll, fig. 2), and the next day the wilted plant 
(which was still quite green but flaccid and exactly as if it was wilting from lack of 
water) was removed and examined. Uyphsa were found in the vessels an inch above 
soil level and in much greater quantity three inches lower down. The lateral roots 
in this, as in most of the other oases, were externally quite unaltered. At inches 
below the soil hyphss were rare in the tap-root. On 1st December a second plant in 
this pot began to wilt and by the 5th it was quite dead, while on 17th December 
the biggest plant in the pot wilted and all its leaves were drooping on the next 
day, when observation ceased, the two remaining plants being still quite healthy. 

On 10th November the only plant in another pot began to wilt. It was about 
0 inehes high and had 6 leaves. Three days later it was removed and sectioned. 
Uyph» with some microoonidia were present in the vessels in the neighbourhood of 
the collar, but the lateral roots wore lor the most part white and sound. It appear- 
ed to be a typioal ease of cotton wilt. The pot was resown on 17tb November and 
three seedlings came up. One ot these wilted on 8th and another on 16th December, 
one being still quite healthy two days later when observation ceased. 

The first three oases described above belonged tp the batch of pots that had 
leoeivod a double inoculation, while the fourth had only received one. Two plants 
out of seven wilted in another pot of this latter batch, but no deaths that could be 
definitely attributed to wilt oeourrod in one pot of the first batch and two of the 
second. Tlius the percentage of deaths from wilt in the iniKiulated pots was low 
and tlie incidence of the disease was irregular, some plants escaping altogether 
while others succumbed, though all must be considered to have been exposed to the 
same intensity of infection. Nevertheless, thewe that became infected died in the 
manner characteristic of the Fusarium wilts, the examination of a large number of 
wilted plants in the field supported this oonclusion, and the capricious results of the 
inoculations would appear to be due to the action of some factor which aids or hin- 
ders infection by the fungus. That this factor cannot be a soil one is highly pro< 
bable from the fact that the one batch of soil was used for each of th^ series, 
while even in the same pot some plants wilted with heavy infection ibough others 
survived and were free from internal hyphse. 

The experiments above described do not solve the problem of cotton wilt in 
Central and Western India. They would not have been published as they stand 
were it not that eiroumstanoes render it unlikely that the writer will be able to do 
auy further work on the disease. It is believed that they show that the disease is 
caused by a Fusarium which is capable of pathogonio action under certain condi- 
tions not yet elucidated, and that these oonditions are probably not conneoted with 
the cotupositioa of the soil, as has been suggested by J. F. Dastur.^ 


1 A/ff . Jour, of India, Vol. XIX, pp. 251*200, 1024. 
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Sesamum wilt. 

Isolations were made from wilted seedlings of sesamum (Sesatnum indicmn) 
about 6 weeks old and 4 to 6 inohes high at the Uoshangabad experimental farm, 
Central Provinoes, India, on 28th September, 1912. The isolations were made in 
the same way as those already described in the case of cotton wilt, and a pure cul- 
ture on nutrient agar was brought back to Pusa and subcultured on 17 th October. 
The fungus was a Fusarium with all types of spore from oval, cylindrical, or fal- 
cate, continuous microconidia to fusiform or slightly falcate, pluriseptate macro- 
conidia. Chlamydospores were numerous, single or in chains, round or pear- 
shaped, colourless, and charged with distinct fat droplets. 

On Ist August, 1913, a subculture of this fungus, six days old, was used to inocu- 
late four pots of sterilized Maghai sesamum, the filled pots and the seed having 
been sterilized as in the cotton wilt work except that the seed was immersed in 0*26 
per cent, formalin for only two hours. After sowing, but before covering, a sus- 
pension of the fungus in distilled water was poured over the seed. Two other pots 
similarly treated but without inoculation were kept close by as controls. 

On 8th August a seedling in one of the inoculated pots collapsed at the collar, 
and next day cases of wilt were observed in all but the control pots. On the 11th 
the four inoculated pots had res})octivcly 10, 7, 12, and 8 plants healthy, 1, 1, 0, 
and 3 dying and 5, 5, 0 and 7 dead, while the two controls had a number of healthy 
seedlings and only one dead. On the 14th there were 1,3,2 and 1 healthy, 0, 3, 0 and 0 
dying, and 15, 7, IG and 17 dt3jul in the four inoculated pol^, while in the controls 
three more plants had begun to wilt. By the 20th all the seedlings had died of 
wilt ill the inoculated and in one of the control pots, which had 30 plants, while 
in the other contrid, with 23 jilants, all were healthy. The deaths were similar 
throughout ; brown stains showed at the ground level and the plant rapidly became 
llaccid and fell over. They were quite obviously due to virulent attack by the 
fungus,which was forming S])ores freely on the surface of the affected plants and had 
spread to one of the coutrals which was standing alongside the inoculated pots. 

On 2nd September the five pots in which all the seedlings had wilted were re- 
sown with sterilized seed as before, a fresh inoculation being made by adding to 
water poured around the seed a suspension from a culture of the same date us that 
previously used. Six more freshly sterilized pots wore also sown on the same day 
in the same manner as in the first experiment. Three of these were inoculated as 
before and three kept as controls. The latter were placed in an isolated position 
in another building at a distance from that in which the inoculated pots stood. Ger- 
mination was very good and the first case of wilt was observed in one of the resow n 
pots on 7th September. On the next day there were in the five resown pots 39, 28, 
48, 35 and 36 seedlings respectively, of which 3, 0, 6, 2 and 1 were wilting ; in the 
newly-sown inoculated pots there were 39, 2C and 33 seedlings all healthy, and in the 
controls a large number also all healthy. The first case of wilt in the newly -sown 
pots occurred on the 9th, and next day there were several cases in each of the three 

d2 
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inoculated pots of this batch. The photograph in Fig. 3 (Hate XIII) was taken on 
the 15th and shows the contrast between an inoculated pot (that which had 48 seed- 
lings all of which but 3 or 4 were now wilted) and a control with 45 seedlings, all 
healthy. By 23rd September all were dead in the inoculated pots except in one of the 
freshly-sown ones in which 4 were still alive, while all were healthy in the controls. 

Several apparently healthy seedlings were removed from one of the newly-sown 
inoculated pots on 16th September and examined. They showed red markings 
at the collar about the junction of root and stem. Hyphte were present in the epi- 
dermis and cortex at this level but none had penetrated the endoderrnis. On young 
seedlings such as those exposed to infection in these experiments the parasite kills 
more in the manner of the damping-oli fungi than in that characteristic of the vas- 
cular wilts. Its main development takes place in the j)arenchymatou8 tissues and 
it forms, under suitable conditions of moisture, a considerable growth of hyphre 
and spores on the collapsed aerial parts of the shoot. On older plants, specimens 
of which have been examined from time to time, the disease is more like a typical 
wilt such as that caused by Fusarium udum, and in such cases entry is probably 
through the finer roots, extension upwards occurring through the vascular system. 

Whether the disease is the same as that in Turkestan sesamum described by Jac- 
zewski {Annales Mycologici,!, pp. 31-32, 1903) and attributed by him to Neocos- 
tnospora vasinfecta cannot at present be determined. Jaczewski's description is 
brief and purely morphological, so that it would be scarcely possible to do more 
than recognize his fungus as a Fusarium probably of the EUgans section of the genus 
were it not that, shortly after, Bessey gave fuller details of what was evidently the 
same fungus, which he isolated from wilted sesamum plants similarly received 
from Turkestan. His cultural studies {Flora, XCllI, pp. 301-334, 1904), joined to 
Jaczewski’s morphological description, leave practically no room to doubt that 
the Turkestan sesamum wilt is caused by the same fungus as that in India. Al- 
though the latter author determined the parasite as Neocosmospora vasinfecta, and 
Bessey found great similarities in its cultural characters with those of that fungus, 
subsequent work both in India and the United States enables us to exclude the 
latter from consideration. 

The study of a new series of cultures from wilted sesamum plants, wdiich I ow^e 
bo the kindness of Mr. J. F. Dastur, Mycologist to the Central Provinces Government, 
Nagpur, has not only enabled me to follow' the colour changes described in such 
detail by Bessey, but has also brought out many points of similarity to other species 
of the same section of the genus. Comparison with F. cubense, the cause of the 
Panama disease of bananas, revealed no constant morphological or cultural differ- 
ences. Furthermore, I have vainly endeavoured to find a true distinguishing cha- 
racter between the sesamum fungus and F. udum, described by me in 1910 as the 
cause of the pigeon pea wilt in India {Mem. Dept, of Agri., India, Boi. Ser., II, 9). 
Small has ro . ently studied in great detail what he considers to be F. udum, which 
he found attacking a number of different plants in Uganda {Kew Bull., 1920, p. 
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321 ; 1922, p. 269 ; 1925, p. 118). Hence, though in India the stiain oi F. v(hm 
parasitic on pigeon pe^ seems to be restricted to that host, in Uganda moiplio- 
logically and culturally similar fungus is capable of attacking not only pigeon pea 
but a considerable number of other plants, and this strengthens th(^ possibility 
that the sesarnum parasite may be merely another strain of the same spt cies. 

Fusariuni udum itself was named without prejudice to the question whether 
it had not been previously included amongst the named members of the genus. 
The chief diagnostic characters were the pionnotal type of sporulation, the flesh to 
salmon-])! nk colour on many media with absence of blue colours, and the tuber- 
cular stromata on potato and ])lantain. Subsequent isolations at Piisa, however, 
showed that the first of these characters w^as not constant, some strains giving a 
copious aerial mycelium on agar slants. Nodular sclerotia also are now known to 
be commonly produced by many members of the genus and occur in both F. cuhense 
and the sesarnum parasite, in which they are blue on potato but gradually turn pink 
if placed in lactic acid. Bessey’s conclusion that the red and blue colours are only 
chemical modifications of the same pigment has been substantiated by subsequent 
investigators, and there seems every probability that the blue or violet colours 
developed in F. cnh'nse. and the sesarnum fungus could also be produced by F. iidvn} 
on suitable media. Small, indeed (Kew Bull., 1922, p. 282), obtained a pale blue 
pigment in his strain in two cultures. 

Recently. Hansford, confronted with the difficulty of distinguishing F. cuhense 
in culture from many other strains of the Elegans section of the genus, has conclud- 
ed that the ])resent classification of the section is useless and that the conception 
of a species of Fusarium must be broadened (Proc. 9th West Indian Agii. Cor?f., 
1921, pp. 43*41, 1925). lie considers that it is preferable to regard all the Ele ans 
forms which lie has enco.'utered as strains of a single species. With this view , my 
own observations are in harmony, and I now^ regard F. udum and the tw’o forms 
discussed in the present paper as strains of the same species. Furthermore, F. 
cuhense is so similar to the sesarnum fungus that it can scarcely be considered as a 
distinct species, either on morphological or cultural characters. It appears to 
possess strains differing in their selective parasitism, Musa cavendishh being im- 
mune from it in the West Indies but susceptible in the Canaries. Finally, through 
F. cuhense, which both Brandos and Woollenweber have noted to be scarcely different 
from F. vasinfectuni, one is led to include the latter in the group of closely allied 
strains. In so doing I have reversed my previous opinion {Rejjt. Agri. Res. Inst, 
and College, Pusa, 1913-14, p. 54, 1914) which was based on cultural difl'erencefe 
between the American and Indian cotton wilt fungi, these differences being now’ 
regarded as too inconstant to be used as satisfactory criteria. 

Thus the wilt-producing fungi attacking cotton, sesarnum, and pigeon pea in 
India may, in the writer’s opinion, best be considered to be strains of Fusarium 
vasinfectum Atkinson, which itself may be merely a strain oi one of the earlier de- 
scribed species of the genus. 
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Summary. 

The paper is divided into three seotions : (1) Structure and Composition ; (2) 
Physical and Chemical Properties ; and (3) Practical Aspects. In the first section 
a general description of the fibre is supplemented by an account of the recent work 
of Balls and Denham, and, in particular, of the former’s view that the cell-wall of 
the cotton fibre consists of about 2.5 layers each consisting of about 40 fibrils running 
spirally from one end of the fibre to the other. The second section deals in some 
detail with recent work upon those properties of raw cotton which are considered to 
have an important practical aspect, viz., (1) Length ; (2) Ribbon width ; (3) Area 
of Cross-section ; (4) Wall-thickness ; (5) Weight ; (6) Strength ; (7) Tensile elasticity ; 
(8) Surface friction; (9) Torsional elasticity; (10) Plasticity; (11) Lustre; 
(12) Electrical conductivity ; (13) Porosity and permeability ; (14) Physical 
and chemical stability. It is pointed out that considerable difficulties arise in the 
measurement of these properties owing to the irregularity of the material. From 
irregularities in a single cotton fibre we proceed in an ever- widening circle of irre- 
gularity as we extend our consideration in turn to fibres from a single seed, a single 
boll, a single plant, a single variety in a given locality, different varieties in difierqnt 
localities. In the final section the general relationship of the various properties 
to practical problems of the cotton industry is briefly discussed Em])haBis is laid 
upon the difficulties besetting the interpretation of these properties in terms of 
practical utility and, as an example, their relation to the spinning value of a cotton 
is discussed in some detail. 


In the present paper I propose to review the results of the more recent work on 
the cotton fibre with particular reference to their bearing upon the problems of the 
cotton industry. For convenience of treatment u e may consider the subject in the 
following seotions, which will be dealt with seriatim : — 

(i) Structure and Compoeition. 

(ii) Physical and Chemical' Properties. 

(iii) Practical Aspects. 


* Paper read at the Indian Science Congresn, Bombay, 1926. 
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I. Structure and composition. 

A good doal of work has been done at one time or another on the strncture of the 
cotton fibre. A good critical summary of this up to 1922 is given by H. J. Denham 
(10)^. Supplementing this by the later work of Balls (8, 9) and of Denham himself (11) 
we arrive at the following description of the cotton fibre : The cothm hhie is botani> 
cally a seed-hair ; it consists essentially of a more or less flattened ribl>43n which is 
thicker at the edges than at the centre, and which is sometimes crescentic or even 
more irregular in section. The ribbon is about an inch long, and rather less than 
one-thousandth of an inch in width dimensions which are capable c»f very wide varia- 
tions, not only in different types of cotton, but even in a single type. Perhaps the 
most characteristic feature of th<^ fibre is the occurrence of numerous twisli) along 
the length of the hair, amounting to KKl or more dispersed at irregular intervals 
along the length, srmetimea in one direction (clockw ise) and sometimes in the othei 
direction (anticlockwise) in one and the same fibre. These general characteristics 
have been familiar to microscojMsts since the time of Leuwenhoek, lfi78. (Con- 
troversy has been excited about the more intimate features of the fibre : it is Him]>lest 
to study this, not from a chronological standpoint, but from that of the develop- 
ment of the fibre so clearly described by Bails (2). The fibre results from the growth 
outwards of an epidermal cell of the seed-coat ; even before fertilization of the ovule 
takes place it is distinguished from its neighbours by a slight protrusion, y^t in other 
features it is <juite similar to them ; it has a very thin cell-wall (the primary wall). 
After fertilization takes {)lace the hair elongates at the rate of al)Out 1 mm. }>ei day, 
or as Balls puts it, the length increiUK‘S by about twice the value of the diameter 
every hour, the diametiu* itself remaining cjuite unclianged. goes on for about 

25 days ; growth in lerigth then ceases and, instead, the (tell-wall begins to thicken 
from the inside inwards, m that the diameter still remains the siime Thickening 
of the wall (sec<uidary thickening) proceeds for about 25 days, the result being 
a considerable diminution in the free space inside the hair. At this stage no further 
growth occurs either of the hair or of the seed or of the )»oII ccuitaining the seeds ; — 
the boll then opens, the protoplasmic coiiients of the cotton fibre die through 
desiccation, and are deposited on the inner w alls of the fibre, and the fibre develops 
its oharaoteristic convolutions. We perceive then that the princijuil features of the 
fibre are 

(1) Primary wall (including cuticle) ; 

(2) Secondary thickening (cellulose) ; 

(3) Cell oemtents (protoplasm, nucleus, colouring matter) ; 

(4) Convolutions. 

Another interesting feature is the existence in many varieties of a length 
towards the apex of the fibre, in which there are no convolutions and practically 

♦The Sgurog in braokote after the names «>f authors relate to the references given in the Biblio- 
graphy at the end of the paper. 
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no central canal, the wnole of the interior being occupied by secondary cellulose. 
Such lengths are known as “ tails.” It has been stated that these tails break off in 
the prepaiatory processes of spinning, but so far this view has not been definitely 
proved. 

The exact structure of the ])rimary wall cannot be stated with certainty. It 
may consist of an outer layer of cuticle with an inner layer of primary cellulose 
(or ‘‘ pre-cellulose ” in the early stage) or the primary wall may be wholly a modi- 
fioation of cellulose having dispersed through its mass substances of a fatty nature 
which make it resistant to w<^tting and desiccation. The general concensus of 
opinion favours the former view. 

The cellulose laid down as secondary thickening constitutes the characteristic 
cotton cellulose. The manner of deposition of this secondary cellulose has been 
a matter of cons derable speculation and controversy. In 1919 Balls (7) proved 
experimentally a theory he had adv^anced in 1912, and showed that the secondary 
cellulose consisted of concentric layers of cellulose, about 25 in number, each layer 
having an average thickness of 0-4[i.(ptr:^0*001 mm.), and representing one night's 
deposition. In a later ])aper Balls and Hancock (8) carry the matter a stage further 
and conclude from their microscopical evidence that the secondary cellulose consists 
of spiral fibrils running the whole length of the cotton fibre, each of the 26 'ayers 
consisting of about 40 continuous fibrils. This view is contested by Denluim (11), 
who maintains that all the evidence can be satisfactorily ex])laincd on the more 
generally accepted theory of lamellar deposition, tlie librils on this view being merely 
localized spiral thickenings in continuous layers of the secondary cellulose. His 
observations on tlie spiralitv of the secondary layers conflict willi those of Balls; 
Balls states that all the fibrils of the successive secondary layers follow the same 
course as the corresponding fibrils of the primary wall ; Denham oontends t' at in 
many cases this is not so, and that the spiralitv of the secondary layers may not 
only be at different angles, but may even be in tlie opposite direction to that of the 
primary wall. In a still later jjaper Balls (9) adduces furth< r and wliat a])pears 
to be conclusive e vidence in favour of his own view, based on observations in which 
he sed elliptically po’arised light to examine longitudinal sections. And here for 
the present the matter rests 

8o much for the chief features which can be traced in the development of the 
fibre. But how, it may be asked, are the characteristic convolutions (twist) to be 
explained ? Balls (3, 8, 9) explains them as an inevitable consequence of certain 
pits he had observed as universally present in the young fibres : these pits, h con- 
cluded later, were merely gaps between the otherwise contiguous fibrils ; they run 
spirally at intervals and form lines of weakness in the fibre, so when the boll opens 
desiccation of the fibres takes place and they collapse along these lines of weakness, 
thereby receiving this twisted appearance. Denham (11) has not been able fully 
to confifiu Balls’s observations of these pits, which he considers as more probably 
due to a double line of weakness recurring on two or more superposed layers of tb^ 
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aeoondary cellulose. Denham also maintains that there are at least four kinds of 
convolutions — {a) Normal, (6) Movable, (c) Preformed, and {d) Suppressed. Normal 
and movable convolutions are derived from the spirality already discussed, the 
latter differing from the former only in disappearing as the fibre becomes moist. 
The distinction appears to be a questionable one. Preformed convolutions are 
bends and kinks due to the fibres being inhibited from growing straight both by 
lateral pressure from adjacent fibres and by the boundary surface presented by the 
expanding boll ; preformed convolutions are a source of weakness in a fibre. 
Suppressed convolutions are such as hardly affect the surface of the fibre, but give 
it the appearance of a fluted rod. 

Besides the major characteristics already discussed there are various features 
which may assume considerable importance in their practical aspect Among 
these are the rows of pores which De Mosenthal described in 1904, referred to by 
Denham as “ beaded pits/’ and by Balls as slow (or slip) spirals,” in contra- 
distinction to the general spirality described by him as “ quick (or pit) spirals.” 
These slow spirals are superficial effects, not penetrating far into the wall ; they 
are really slip planes due to stresses acting on the fibres after the boll has opened ; 
they are consequently most abundant on fibres of old cotton material, especially 
that which has highly stressed — such as much-used cotton string. Slip-planes of 
a different character, as well as corrugations and buckling lines in the surface of the 
fibre, are however produced as a result of the crowding of the fibres in the boll. All 
such features may be of importance in the dyeing of cotton, as well as in its infecti- 
vity by fungi and bacteria. One other feature may be referred to, certain 
bulges ” in the fibres ; they are jiossibly important because they are sources of 
weakness. 

Composition, 

The chemistry of the cotton fibre has long been a favourite subject of study. 
An excellent summary of the literature has been prepared by Fargher and Witheis 
(13) who concluded that a good deal of work would be necessary to establish the 
identity of the different constituents. The composition of a Surat cotton deter- 
mined, along with that of many other cottons by Church and Muller, is fairly 
representative of all their results : — 


Surat cotton. 

Per cent. 


Cellulose ............ 91*35 

Wax 0-40 

Protoplasm, etc. 0*53 

Ash 0*22 

Water 7*60 


100-00 
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The results which other observers have obtained differ very appreciably from 
these, however, for example, Barnes has found the ash of a Bombay cotton to 
amount t»o 2*23 per cent - -more than ten times that given by Church and Miiller. 
The mineral element present in largest amount was potassium (Kg O : 27-3 per cent.) 
with silicon (SiOg : 15*6 per cent ), aluminium (AlgOg : 10*8 per cent), calcium 
(CaO : 9-7 per cent.), and sodium (NagO : 4-5 per cent) in decreasing proportions. 
Of acid radicles there were COg (12-2 per cent), Cl (0-5 per cent), 
cent.) and SOg (2*0 per cent). I may add that a determination of ash of Surat 
1027 A.L.F. in the Technological Laboratory gave a value of 1-45 per cent. 

It is interesting to note that Grace Calvert’s determinations of the percentage 
of soluble phosphate, calculated as Pg O5, gave for practically all the cottons 
examined a value of 0-050 per cent., a notable exception being Surat cotton with 
a value 0*027 per cent. The later work of Geake (16), however, does not bear this 
out, for he has found that Egyptian cottons have a decidedly higher content of 
phosphorous ranging from 0 077 per cent, to 0*134 per cent, and averaging about 
0*1 per cent. PgOg, whereas various American cottons have values ranging from 
0*042 to 0*061 per cent, and averaging about 0*05 per cent. Pj05 (a figure which 
agrees with Grace Calvert’s general figure). Indian cottons were more variable, 
ranging from 0*054 per cent, for Oomra No. 1 cotton to 0*124 per cent, for a Broach 
cotton. Geake claims that his results show that it is possible to distinguish 
Egyptian and American cottons by means of their phosphorous content. It is 
noteworthy that the results for phosphorous content have been found t^) parallel 
those for the absorption of methylene blue (16* 14). Bimilar differences of a less 
pronounced nature have been found by Ridge (17) in the nitrogen content of various 
cottons. 

Some of the most interesting results of the recent work have attended 
the investigation of cotton wax (18, 19, 20, 21, 22, 23). The composition has been 
found to be much the same for all varieties, consisting chiefly of mixtures of two 
newly'discovered alcohols — gossypyl alcohol (Cg^H^jgG) and montanyl alcohol (t^gg 
HsgO), present in the free state, together with carnaiibic acid (CgjH^gOj,) present 
as an ester. There is a large number of other alcohols and acids present, as well 
as some hydrocarbons, but these are in much smaller amount. For different growths 
of cotton the total amounts and also the proportions of the various substances differ 
somewhat. 


11. Physical and Chemical Properties. 

It is evident that the physical and chemical properties of cotton determine the 
behaviour and so the value of a cotton in manufacturing processes. At the same 
time the physical and chemical properties are themselves an expression of the struc- 
ture and composition. But to formulate this expression in concrete terms is no 
easy matter. A knowhidge of the physical properties of the several constituents 
is useful, but does not carry us very far, because in actual practice we are concerned 
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with the aggregate effect, which may be and usually is largely determined by the 
amountiH and relative proportions of the constituents and the manner of their dis- 
tribution. As we have seen, the structure and composition of even a single fibre 
are exceedingly complicated. Irregularity often exists in the properties of one and 
the same fibre at different points. Still greater irregularities are found as we jiroceed 
to consider in turn a number of fibres from a single see^, a single boll, a single plant, 
a single pure strain, a single variety, different varieties in different localities. 
Bearing this in mind, we may now turn to those properties which would appear 
to be of importance practically ; these are : — 

1. Length. 

2. Ribbon- width. 

3. Area of cross-section. 

4. Wall-thickness, 

6. Weight. 

6. Strength. 

7. Tensile elasticity. 

8. Surface friction. 

9. Torsional elasticity, 

10. Plasticity. 

11. Lustre. 

12. Electrical conductivity. 

13. Porosity and permeability. 

14. Physical and chemical stability. 

The above list is of course by no means exhaustive ; it serves liowever 
to emphasize those properties which are more obviously of practical importance 
in the processes of spinning, weaving, mercerising, bleaching, ^dyeing or finishing. 
Attention in this paper will therefore be confim^l to these proj)ertieB. It must be 
emphasized once more, however, that none of these |>ropertie8 is uniform, even 
in a pure strain of any particular variety of cotton. It follows that it is impossible to 
characterize a given cotton as having a certain length ; indeed for such a ])roperty 
as ribbon-width different values are obtained at various points along the length ; 
all that can bo done therefore for a given variety is to refer to the dispersion of the 
values obtained and to some statistical average. In other words, the whole pro- 
blem must be treated statistically. This makes the interpretation of the results, 
even when obtained, far from easy : this matter of the interpretation will be dis- 
cussed in the next section. There are other disturbing factors which may assume 
the greatest importance. These are the physical conditions prevailing when the 
measurements are made. Of these the most important are the humidity and the 
temperature. So great is the magnitude which the humidity factor almost invariably 
assumes, that it may be taken as a general rule that (ibservations taken without 
reference to it are valueless. The relation between the cotton fibre and water or 
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water vapour is not a simple one as the large amount of literature on the subject 
amply testifies (28, 29, 30, 31, 32, 33). 

A general review of the physical properties of cotton cellulose by Collins (27) 
discusses generally those of the fibre itself ; seventeen different properties are con- 
sidered, most of which are not included in the list given above of properties of 
practical importance, to the more detailed consideration of which we may now 
proceed. 

1. Length, The obvious simple scientific methods for the determination of 
length are very tedious to perform. They involve the straightening of single fibres, 
fixing them in some convenient manner, and then measuring them. A great number 
of observations is necessary, and from the results we can only deduce the percentage 
numerically of various lengths. To obtain the proportion by weight, and this is 
of greatest interest practically, weighments are necessary. The whole procedure 
has been simplified by the invention ot two machines which enable the percentage 
composition of staple length to be determined more or less mechanically. These 
are the Balls Sorter (43) and the Baer Sorter. Although quite different in their 
mechanism, they both depend for their action on bringing to a common line one 
end of each fibre in a group ; in the Balls Sorter this is effected by a pair of rollers 
which first nip Hio end of a fringe, and then, by their traverse along a strip of plush, 
deposit the fibres thereon according to their length, because the revolution of the 
rollers causes the fibres gradually to pass between them and as the shorter fibres come 
to their other end first they are necessarily deposited first. It only remains to gather 
the fibres between length intervals and to weigh these various parts of the deposit, 
to get the weight-distribution of the different lengths. With this Sorter it is very 
necessary to have the fibres thoroughly disentangled when presented to the machine, 
otherwise fibres not actually in the nip of the rollers at the beginning may be dragged 
through by others which were in the nip, and erroneous results will ensue. With 
the Baer Sorter more depends upon the individual. A sliver is laid across a 
number of combs and the worker nips the ends of a number of protruding 
fibres in a special nipper, and then proceeds to place the group of fibres across 
the combs again in a different place, the nipper resting against the back comb. He 
repeats this operation a number of times and so obtains a bunch of fibres all of which 
have one end along a common line — that of the back comb. Obviously those which 
are longest will stretch furthest across the combs, and he now therefore selects them 
by nipping the distant ends, taking the longest first, and building up a diagram of 
even density, the length of the fibre being the ordinate, the abscissa depending upon 
the length-distribution. From this diagram the mean and the modal lengths can 
easily be obtained, and, much less readily or accurately, the fibre-length distribution. 
The following are some values which have been obtained in the Technological Labora- 
tory on the two Sorters for varioi^is Indian cottons, 
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2. Ribbon\mdtk, ^ These are dependent upon magnifioation for 

3. Area of cross-section. ^their measurementa. They oan be measured by the 

4. Wall thickness. J use of the niicrosoope, either direotly or indirectly 

or by a projection method. 

Calvert and Harland (46) describe a method which they claim makes it possible 
to restore the cotton hair to something like its original conformation, in which state 
measurements of the actual diameter may be made. The method consists in treating 
the fibres with 40° Tw. sodium hydroxide* The fibres are then mounted in liquid 
paraffin and drawings made at a magnification of 1200 diameters with the aid of a 
camera Itidda. The following arc a few of the mean values for diameter recorded 
by them for fibres thus treated : — 

Table IL 


Diameters of cottons. 

Cotton Diameter ( mm. ) 

Sea Island (Gr. Vincent) (H)12 

Hakellaridis 0*013 

Punjab American 280 F. 0H)16 

„ „ 289 F 0 010 

„ „ 4 F. 0*017 

Surat 1027 A.L.F . . . • 0*013 

Texas • 0*010 


Some values for ribbon-width whuffi have been obtained in the Technological 
Laboratory are given with the results for convolution determinations in Table IV 
below. The other propertie>8 will be discussed in connection with the weight and 
strength of the fibres. 

5. Weight. \ Balls after mentioning (3) that the “ compo- 

G. Strength, y nents which could affect the w'eight of a lint liair 

are its length, the thickness of its wall, the density of tht; cellulose of which the wall 
is composed, its diameter, and its moisture content,'' concludes that, in general, 
the weight of a hair will depend on its diameter and the thickness of its wall.” 
Having found that the ratio of the fibre weight to the breaking load had a value 
ranging from 2-60 to 3-26, he concluded that the breaking load of a hair is largely 
determined by its weight, i.e., by its diameter and wall thickness. Harland and his 
co-workers, in making a number of determinations of the measurable characters of 
raw cotton, included that of the hair weight per centimetre (44), cutting one 
centimetre lengths from the middle of a bunch of fibres by means of a cutter 
consisting of two safety-razor blades fixed one centimetre apart, and then weighing 
the fibres in groups of 40 on a microbalance. The mean values obtained for a series 
of five cottons varied from 0*0015 milligram for an American cotton to 0*0027 milli- 
gram for a Peruvian cotton ; they found the areas of the cross-section of these two 
cottons to be 0 00014 mm.® for the American cotton and 0*00027 mm.® for the 
Peruvian cotton. From their figures for area of cross-section and of fibre weight per 
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OBntimetie thoy oaloulated the denaity of cotton ; this oaine out at about 1-1 instead 
of the usually accepted value of 1-6. They deduce therefore that the apparently 
solid mass of coll wall is a porous structure— in harmony with Balls’ views of a fibril- 
lar structure — and that the pore space present varies from 32 per cent, to 41 per 
cent., the amount tending to increase with the coarseness of the cotton. 

A later paper by Miss Clegg (45) dealt with the breaking load of single fibres, the 
correlation of the breaking load with convolutions, wall thickness, etc., and the 
breaking load of single fibres of three of the cottons after mercerisation. For the 
determination of the breaking load O’Neill’s method was used. This consists of 
suitably fixing the upper end of the fibre and attaching the lower end to a small, 
hollow but weighted, glass cylinder floating in water contained in a tube, the with- 
drawal of water from which causes a tension in the fibre ; the amount of water 
withdrawn gives a measure of thd tension applied. The following are some of the 
results obtained : — 

Table III. 

Mean breaking loads of cotton fibres. 


Ootton 

Breaking 

l<»ad 

((trams) 

Area f>f 
cross -section 

(mni.*). 

Tensile 
strengib 
(dynes 
jjer cm.*). 

Pun jab- American 285 F. 
Pntijab'Aiiiericaii 280 F. 
Pufijab-Amoricaii 4 F. 






:m 

41 



8ca island 






5’3 


4 O x 10» 

Texas • 






50 


2 2x U)»» 

Afia . 






50 


:p:3> io» 

Peruvian- • 


• 


* 

• 

0 4 

00027 

2 :3x 109 


It is concluded that while diameter is not a test of strength- 285 F. cotton having 
the same diameter as Oalifiunian Egyptian but only half its strength — yet there 
is a significant correlation between breaking load and wall-thickness mthin a given 
variety. This conclusion evidently cannot hold as between different varieties, for 
the tensile strength of all cottons should then tend to be the same, whereas in the 
above table Texas cotton has only about the same breaking load as Sea Island in 
spite of possessing nearly twice the area of cross-section. It was also found that 
there was only a slight correlation between breaking load and the number of con- 
volutions. 

Various other methods have been employed for determining the breaking 
strength of cotton fibres. These include adaptations of an ordinary balance, a 
fibre being suitably mounted in a vertical position at the end of one arm and a sliding 
weight caused to move outwards along the other arm until the fibre breaks. This 
t 3 rpe has been used by Bowman (1) and by Matthews (4). A modification of the 
tensioning arrangement has been introduced by Barratt (48, 49). Instead of the 
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sliding weight he uses a bundle of soft iron wires suspended from the end of the 
balance arm with half their length ins de a solenoid. The pull on the wires and 
therefore on the cotton fibre under teat is controlled by the strength of the current 
passed through the solenoid. The Schopper machine is on the pendulum principle, 
tension on a fibre being made to lift a pendulum, the angular displacement of which 
measures the tension. A very ingenious though more complicated instrument is 
the magazine Hair Tester of Balls. This also is a pendulum instrument of a kind, 
but its most striking feature is the provision of various mechanical and electrical 
contrivances for the automatic testing of 50 fibres in succession and the automatic 
record of their breaking loads. 

7. Tensile elasticity. Using the form of tester devised by himself. Barratt 
investigated the stress-strain relationships of various fibres. He found that the 
results varied greatly from fibre to fibre. The stress-strain diagram for cotton is 
practically a straight line, although as the load approaches the breaking point the 
extension tends to decrease. Barratt also measured the extent to which elastic 
recovering took place in a fibre on removal of the applied stress. Collins (50) investi- 
gated the time-factor for the development of equilibrium in water at 20°C., when 
the applied load was about one-third the breaking load. He found a period of from 
three days to one week was necessary, although a temporary equilibrium was often 
reached after about one hour. A load of this magnitude even if applied only for a 
few seconds caused permanent strain. 

8. Surface friction. Adderley (53) has made some measurements of the clinging 
power of fibres. He made use of a slight modification of O’NeilFs fibre strength 
apparatus, single fibres being pulled through pads of the same cotton. He found 
that for different fibres of a given cotton the clinging power gradually increased with 
the number of convolutions to a maximum, after which the clinging power decreased. 
With one exception the maximum occurred where the fibre under test had the same 
number of convolutions as the average number for the given variety. It is evident 
therefore that the effective fibre friction depends very largely upon the convolutions. 
But although various studies have been made of this feature, no general conclusions 
seem to be possible. Balls (8) gives some details of measurements from which he 
is inclined to believe that ‘‘ the direction of distribution of the convolutions is related 
to a daily environmental effect, acting by predetermination on the convolutiouvs 
through the pit-spiral patterning of the primary wall.'’ Clegg and Harland (47) 
find evidence in support of this suggestion from the measurements of convolutions 
of eight types of cotton. 

The following are some of their results : — 


Convolutions Reversals 
per mm. per mm. 

Sea Island 3-9 1*6 

Cauibodia .......... 6*6 1*7 

Afifi 5.6 i.e 
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They also found that the number of convolutions in any portion of a single cottoii 
hair depends on the ratio of ribbon- width to wall-thickness, the highest mean number 
occurring when tlie ratio has the value to 3*0. They conclude that no classi- 
fication of cottons is possible on the basis of convolutions per millimetre, and it is 
likely that in most cottons of commercial importance the mere number of convolu- 
tions per millimetre is above the absolute minimum required for good spinning. 
They consider, however, tliat the degree of uniformity of distribution of reversals 
may be an important factor in spinning. Another interesting observation was 
that although wetting, boiling under j)ressure, or tensioning the cotton fibres caused 
a more or less profound distui’bance in the convolutions, yet when the fibres were 
restored to their original state, the convolutions and reversals resumed their original 
positions approximately. 

The following are some results for the mean values of convolutions and reversals 
in standard Indian cottons, as determined in tlie Technological Laboratory : — 


Table IV. 


MeasurciHanLs oj ribbon-width and con eolations of standard Indian cottons. 


Nauic of cotton 

Average ribbon 
widtti 

Average 
No. of 
convolu- 
tions 

Average 
No. of 
rever- 
sals 

Average No. of 
convolutions iM*r 
unit length 



Average No. of 
reversals per unit 
length 


Inch 

Mm. 


Inch 

Mm. 

Inch 

M(0. 

UlmrwarNo. 1 . 

O-OOOft? 

0-017 

153 

24-9 

139 

5-5 

22-0 

0-8U 

(jiadag No. 1 

0-00070 

0-018 

137 

24-6 

129 

5-1 

26-9 

1-00 

Surat 1027 A.L.F. 

0-00090 

0-023 

148 

25-9 

139 

5-5 

24-3 

0-90 

Punjab 4F. 



i 





Punjab 280 Y. . 

0-00007 

0-017 

161 

32-2 

144 

6-7 

29-2 

1-15 

Punjab 28U F. 

0-00055 

0-015 

117 

18-8 

96 

3-8 

19-5 

0 77 

K. 22 ... 

0-00070 

0-018 

94 

24-8 

: 96 

1 

3-8 

23-3 

0-82 

0. A.O . . . 

0-00005 

0017 

150 

29-0 

j 144 

5-6 

27-9 

1-10 

.I.N. 1 . . . 

000070 

0-018 

100 

22-2 

90 

3-8 

iu-» 

0-70 

Aligarh A. 11) 

0-00078 

0-020 

119 

24-3 

129 

51 

411 

1-62 

(/olmbatore 1 . . 1 

0-00009 

0-018 

94 

18-6 

1 91 

3-0 

1 18-0 

0-71 

Nandyal 14 

000074 

0-019 

98 

20-4 

i 80 

3-4 

1 18-5 

0-73 

Hagari 25 . 

0-00077 

0-020 

91 

21-3 

1 84 

3-, 3 

1 19-5 

1 

0-77 

Karangantii 

0-00070 

0-017 

128 

23-5 

1 ISO 

5-1 

j 24-1 

0-96 

Umri Banl 




: 1 



MiaalBslppl 

0*00005 

0-017 

17.5 

23-9 

1 142 

5-0 

1 22-9 

0-90 

Texas 

0*00006 

0-017 

ir >2 

25-8 

142 

5-6 

j 24-3 

0-90 


E 
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9. Torsional elasticity. This property has been investigated by Peirce (54) 
by noting the time of vibration of small aluminium rods suspended by means of 
the cotton fibres under investigation. He found that the values differed tremen- 
dously for different hairs from the same seed. He concluded that the mean value 
for a variety is, roughly, inversely })roportional to the staple length. Others of his 
conclusions, e.g.y that the hair mass of all cotton fibres is the same and that their 
breaking loads are inversely proportional to their lengths, can hardly be said to 
be even approximately correct. In another investigation (55) he found the 
effect of humidity on torsional elasticity to be very great, the value at 100 
per cent, relative humidity being less than one-sixth of its value of 0 per 
cent. 

10. Plasticity. This term has been used by Peirce (56) to indicate the ])roperty 
of taking up a permanent set when strained as opposed to the property of recovering 
from or continuing to resist strains, denoted by elasticity. The measurements 
were made by a special magnetic torsiorneter, a thread l)cing fixed to a torsion 
head by which the tw'ist is applied, and the couple measured by the deflection of a 
magnet, suspended from the thread, in a known magnetic field. The thread is 
twisted up, and the couple observed until it falls to a practically constant value 
and a curve of couple against time is obtained. 

11. Lustre. The subject of lustre has r(‘cently attached a good deal of attention. 
As far back as 1898 Langes had concluded tliat the enhanced lustre conferred on 
cotton by merccrisation was to be ascribed to the fibres assuming a more cylindric.al 
shape as the result of this process. This simple explanation has had a number of 
supporters. Herzog, for instance, states that by examining short lengths of a cotton 
in a mercerising solution it is possible to decide on its suitability for the production 
of lustre by the proportion which gives a cylindrical form. L)iffcr(mt views, however, 
have been entertained, notably by Huebner and P()])e and by Harrison, the iormer 
attributing the lustre to reflection from s])iral ridges still remaining on the fibre 
after merccrisation, and the latter, although agreeing thatLangers view is substan- 
tially correct, attributed some of the effect to internal reflections. More recent 
work by Adderley (59), as a result of photometric measurements on 16 samples of 
raw cotton and on three samples of juenrerised cotton, gave a striking confirmation 
of Lange’s view ; the lustre was found to be closely connected with the shape of 
cross-section of the fibres, those wliich tended to be circular in section having a 
higlier lustre than those with flattened section. The values for lustre proved 
to be unconnected with the length, wcught per centimetre, diameter, or convolu- 
tions of the fibre. 

It juay here be observed that various methods liave been adopted for the measure- 
ment of lustre, most of them of a photometric ty})e : various methods of expressing 
‘‘ lustre ” have also been used by different observers. Thus Adderley and Oxley’s 
original method (58, 59) was to measure the amount of light reflected at right angles 
to the surface with the incident light at about 60^. Zart (63), with the incident 
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light at an angle of 45'^ measures the light reflected specularly {i.e. at an angle 
equal to the angle of incidence) and also the light reflected normally to the surface, 
and expresses the lustre by the difference between these. Schultz ((j; 3) makes the 
same measurements but expresses the lustre as the ratio of the spc'ciilar i ( flection 
to the normal reflection. Barratt (62), however, using a sjx'cial foim of Joly’s 
photometer, measured tlje ])ercentage of light reflected at various angles of incidence 
and reflection ; as the angle of incidence incr(‘ased, the angle of r( flection was reduced 
by an equal amount. To gi\'e a numcirical estimate of luslie Ik*, uses a similar 
method to that of Schultz. In their latest nu^asurements Adderley and Oxhiy 
{60, 61) follow the su])erior method of Barratt, but improve on it hy using a Lummer- 
Rrodhun photometer to measure the light ndlected at various angles of incidence 
b(5tw(ien 0'' and 60'’ with a constant angle of r(41ection (4*5'"’). They do not publish 
any results for (jotton fibres in their first communication detailing tli(;ir (‘xperiments 
with this ])hotomet(‘r, but Adderley (61) has just published s< im* iiiter(‘sting results 
for 12 cottons. Jlci uses an expression for lustre analogous to that of Schultz, the 
amount of light refl(H;t(*d specularly at 45" being compared with that reflected 
at 15^' with the incident light normal to the surface. His chief result is that 
tliough cottons of <piite dilferent l(‘ngths (e.g.y Sea Island, Egy]>tian. Texas) may 
have much the saine lustre, yet in the yarn state the long(‘r cotton gives a more 
lustrous yarn, a r(\sult whicdi he. attributes to greater parallelisation of fibres in 
the yarns from tlu' long(ir libres. 

12. Eire/ Heal eonduefiri/j/. This has becni rectmtly studi(‘d by Slater (64, 65) 
who measured the rate of loss of charge sustained by a gold h^af el('Ctroscope when 
e,aused to discharge through on<‘ or more cotton fibres und<'r controlled conditions 
ol tenqierature and humidity. He shows that the ehvdrical conductivity doubles 
its magnitude for every 4 ])er c(mt. rise in the ri'lativc* humidity (tciujunature cons- 
tant) and for every 16*^ F. rise in temperature (humidity constant). The humidity 
(4T(Hit is practically constant for all cottons, but the t(*ni]>erature eflect is not. Two 
of his observations with imjmrtant ]>ractical consecjiiences may be noted. The 
first is that for any given valin* of the relativt* humidity then* an* two (Hjuilibrium 
values of the conductivity d(q>ending on wln^ther the cotton has been previously 
exj)osed to an atmosphere of higher or hjwer humidity. The value wIk'U a])])roa- 
ching from wetter conditions is several times gn'ater tlian aft(*r a])proaching from 
ilrier conditions. Th<‘ second j)oint is that at values of the relative humidity of 
about 60 per cent, or more the conductivity is so great that tin* charge is conducted 
away so fast by the cotton hair that obser\'ation of the rate of loss of charge becomes 
impossible. 

13. Porositg and permeability. 13iese pro])erties have been inoluded because 
the practical processes of bleacliing and dyeing are so clos(*ly related to them. 
Besearch on these ])r()cesses yi(‘Jds tlnu’efore, indirectly, a contribution to our know^ 
ledge of tluvsefeatun's, but the subject is too large to be dealt w ith in this short 
review. 

E % 
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14. Physical and chemical stability. These properties are important because 
the utility of cotton goods depends on their being able to withstand the action^ 
Over a wide range, of a great variety of physical, chemical, and biological agencies, 
such as, for example, the action of light, heat, rubbing, water, acids, alkalies, fungi 
and bacteria. It is well known that except as regards the action of acids, cotton 
is a fairly stable fibre ; further, much knowledge has been accumulated as to how 
cottons in general, as compared with other textile fibres, behave when subjected 
to these agencies, but little is known as to how the various cottons compare 
with one another, except in a few specific directions. 

III. Practical Aspects* 

To discuss fully in all their practical aspects the features already described 
Would entail a consideration of their several or joint relationships to the various 
processes of ginning, spinning, doubling, winding, warping, weaving, mercerising, 
bleaching, dyeing and finishing. This is manifestly impossible at the present stage. 
Moreover, as the problems in the processes after spinning are furth(T oom])licatod 
l)y various yarn effects, it is 2)ropoaed to confine the present discussion in the 
main to the processes of spinning, and chiefly to th<i relation of the properties 
described above to the spinning value. The spinning value of a cotton is the most 
important criterion of its quality. Points observed by a cotton grader— such 
as amount of impurity, present lengtli, stremgth and regularity of staple — are 
of importance because of their relation to spinning value. Tlie fibre has to be spun 
and the grader relies on his estimate of these qualities as an indication of how it 
will spin. It is only such qualities as colour and lustre which are of importance 
in other directions. 

Before proceeding further we must consider the question 

What exactly do we mean by ‘‘ spinning ^ alue’' or “ valu(> for spinning pur- 
poses What, ill other words, is our scheme of values ? How may we compare 
any two cottons even when we know exactly how they have beliavid in the spinning 
processes and what type of yarn they have given rise to ? These questions are 
answ^ered by a reference to three important limitations which determine from a 
practical point of vi(*w the yarn which can be spun from a given cotton. These 
are (1) the machinery available for converting the fibre into yarn ; (2) the necessity 
tor making such yarn as will satisfactorily withstand any subsequent processes or 
treatments which may be necessary ; (3) the necessity wdiich the spinner is under 
of making the spinning operation a remunerative one. 

The differences between various types of raw cotton are such that there are 
limits to the degree of fineness to which in practice they can be successfully spun ; 
moreover, economic considerations normally determine that a finer yarn shall com- 
mand a higher price. Hence it follows that the limiting degree of fineness to which 
a fibre can be spun with greatest profit to the spinner is the governing criterion 
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of spinning value : at this limiting degree of fineness the yarn must have a certain 
minimum strength in order that it may be satisfactory in the later operations. For 
practical working in the Technological Laboratory a series of standards is laid down. 
Strength depends on the twist given in spinning ; (‘conomic working depcmds on 
having few breakages during the spinning process. In testing a 6am})le of cotton, 
therefore, investigation is made at three different degrees of fineness (counts) oi 
yarn, spun with standard degrees of twist. The strengths of the resultant yarns 
are determined, and on the results of theae, as well on observations of the behaviour 
of the cotton in the spinning processes, the decision is based as to the finest counts 
for which the given cotton is suitable. 

We may now return to the problem of the relation of the physical and chemical 
properties to the spinning value. Our ideal would be the formulation of an equation, 
so that by inserting therein the appropriate ascertained values for th<^ various 
properties, we should at once be able to determine, by solving the equation, the 
counts for which the cotton would be suitable under the standardized conditions. 
Thus if wo represent the length of staple by ‘x,’ the ribbon width by * y,’ the area 
of cross-section by ‘ z,’ and so on, we should have the general equation for evaluation 
‘ 0,’ the finest count for which the cotton is suitable. 

C=F (x,y,z, ) 

Unfortunately, little or nothing is known about this function. Lefeieiic(‘. to 
the foregoing pages will show that hardly any attempts hav(‘ a])parently been made 
to determine ho\v the counts spinnable depend on tlie raw cotton j)roperti(‘s. It 
has long been known that a long cotton gives a higher value for ‘ V ’ than a shorter 
cotton ; that a fine fibn‘ is superior to a coarse*, fibre. But normally a long fibre 
is also a fine one and nothing has been done to separate the (*ffects of the* two 
])ro])ertie8. 

Some ])rogresB, however, has been made. If the form of the function has not 
been determined in terms of x, y, z, etc., something has been attem])ted towards 
simplifying it. Numerous attempts have been made, with a certain amount ol 
success, to correlate some of the quantities x, y, z, etc., with one another. The 
more success is achieved in this direction, the fewer becomes the number of variables 
which will have to be considered, and the greater becomes the hope of an ultimate 
solution. The only positive statement in which a property is connected with the 
spinning value of a cotton, is that of Clegg and Harland (47) in their conclusion 
that the mere number of convolutions in most cottons of commercial importance 
is above the absolute minimum for good spinning. ITiey consider, however, that 
the degree of uniformity of distribution of reversals may be an important factor in 
spinning. Balls (3), too, emphasizing the importance of unifonnity, stated : “ Uni- 
formity in length must be of some importance, uniformity in diameter still more 
so, with uniformity in fineness, and probably uniformity in twist is the most important 
of ^11.’* Adderley (63) as the result of his work concludes that the important thing 
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is tliat the convolutions should interlock, and that although this is usually brought 
about by evenness in their distribution, it may also bo brouglit about by fibres 
having varying total niunbors of convolutions arranged in groups separated by 
unconvoluted spaces, the convolutions then being identical in the different 
groups. 

It may perhaps be dou})ted whether uniformity in the distribution of cojivolu- 
tions lias the leading role assigned to it. But further research is obviously necessary 
before any definite (ionclusions can be arrived at. The same may be said of all 
the properties which have been described. AVliat is wanted above all other things 
is a correlation of the ])roperties with the spinning value. Work of this naturi'- 
is now being carried out in the Technological Laboratory. It is necessarily very 
laborious work because, owing to the irregularity of the cotton fibre in all its pro- 
perties, large numbers of observations must be taken. Moreover, it is always 
imperative to guard against the chances of sampling error as far as possible. And 
when every possible precaution has beiui taken, there must always remain tlu^ 
chance that the samph^ has not been truly representative. These remarks a])])!y 
not only to the tests of the properties of the raw cottons. They a})ply equally to 
the tests which have to be made on the spun yarn to 8(‘e that it is of the standard 
required. 

It has been jireviously indicated how the prop(‘rties of fibres are modified by 
twist which binds the fibres together in the form of yarn. But the twist is neve.r 
uniform in its distribution, the fibres are never equal in numbers in (^very S(H;tion 
of the yarn, the fibres do not make a constant angle with the yarn axis throughout 
the yarn — and these unavoidable irregularities of the spinner’s art and scicuiee 
are superaddc'.d to those of nature and the farm(U‘s who do not su])])ly uniform raw 
cotton. It follows tliat our function for sjiinuing value must contain a number 
of variables to ex[)ress these 8])inning factors. A great deal, however, can be done 
to reduce their significance. Measures to this end are: (1) testing the material 
at each stage of the ])roducti()n : (2) using the same maidiinery for all tests : (3) 
recording all details about settings and adjustments of tlie machinery : (4) testing 
and controlling the physical conditions under which tlie tests are made : (5) careful 
training and supervision of tlie ofxu’ative stall*. Needless to say, scrupulous atten- 
tion is given to all these points in tlu^ Technological Laboratoiy, where it is hoped 
that Ijy making sjiinniiig tests in duplicate with the diui attention to these important 
details, and at the same tinui making tests of the afor(miention(Mi pioperties of the 
raw c )ttons, consideralile progress will be made towards solving the problem as 
to the relation between the properties of a raw cotton and its spinning value. 
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L0WJ5R BUJiMA PADDY AND ITS IMPROVEMENT. 


BY 

DAVID HENDRY, M.C., B.So., N.D.A., 

Deputf/ of AgriryJtuTi', Southern Circle, Burimt. 

Out of approximately 1 1| million acres of paddy land in Burma, 9 millions are 
in Jjower Bunna, and from this area are drawn the 8up])lies for tlie large rice ex])orl 
trade wliicdi is such a feature (d the province. Efforts to improve this croj), which 
occupies over 90 per cent, of the cultivated area, were commenced in 1912 when 
an Agricultural Experiment Station was opened at Hmawl)i, ‘50 miles north of 
Rangoon, and the ])resent article is a sketch of the work carried out at this centre 
so far as varicdal im])rov(‘ment is con(;erned : the work done on cultivation and 
manurial problems has been left over to b<‘ dealt with on some future occasion. 

So far ffmawbi has b(;en the only centre dealing with the LowTn Burma rice 
(jro]), but two new stations are now being opened, one at Myaungmya in the Delta 
and the other near Moulmein, to take uj) the w’ork connected with the ])addies of 
those tracts and arrangements haye b(‘en com))leted for both stations to commence 
o])erations this year. No considiu’ation has been ])aid here to the ])addy of tlie 
Arakan Division which occu])ieH one million acres, but an experimental station 
was opened at Akyab two years ago and should shortly be in a ])osition to issue 
improved varieties for that area. 

Tn an article in the Agricultural Journal of India in 19b‘^ Mr. McKerral outlined 
some of the problems, and th<‘ ste])s it w as ])ro])Osed to take to improve Low er Burma 
l>addy. This work has becm carried out at the JImawbi farm, and coiitact with the 
rice- milling industry lias been maintained through the Burma Chamber of Commerce 
to whom sam]iles of improved seed ha\'e been sejit from time to time for opinion 
and valuation. Reference was also made to the lm])erial Institute in liilG-lT when 
the Indian Trade En(|uiry was in progr<^ss, and sam})les submitted to the Special 
Committee enquiring into the rice trade. The report rec iv< d indic^ated clearly 
the lines of improvement wliich should be followed with legard to Burma rice, 
flurina rice is a good all round rice for which there is a large and stable market, but 
it has faults w'hi(;h are best removed by im})roving the varieties already grow n, 
rather than by the introduction of so-called suj)erior varieties from other countries. 
The )) 088 ibility of establishing varieties from other countries has not been lost sight 
of, however, and there is grown at llmawbi a collection of the best ric(vs from all 
the chief rice growing countries. These so far have not been very successful, and 
have failed to establish themselves satisfactorily under local conditions. They 
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have been used for crossing indigenous paddies, and although many interesting 
products are even now under observation, nothing of definite value has yet emerged 
from this line of endeavour. The work of improving the local varieties has pro 
duced results however, and there are several improved strains in distribution which 
have met with favour in the eyes of the cultivator and miller, and which are yearly 
spreading into new and wider areas. 

Types and varieties of Lower Burma paddy. 

One result of the large milling and export trade in rice from Burma is that the 
number of varieties grown is comparatively small, and bears no comparison, for 
example, with the innumerable varieties grown and known in Bengal : names of 
varieties are numerous enough but many of these are synonymous and others are 
applied to paddies which differ little, if at all. There is quite a number of distinct 
paddy varieties, however, which vary in one important respect or another, and, as 
some form of classification was found essential, they have been divided into five 
main type groups to which nearly all the Lower Burma paddies can be referred. 
These types are known as Emata, Letywezin, Ngasein, Midon, Byat, and can in 
most cases be readily distinguished by inspection, the shape of the grain being 
more or less outstanding. In new or doubtful cases, actual measurement of the 
grain is made and the type decided according to the following table of dimensional 
limits. 



Group 

Group 

DIMENSION OF GRAIN 

With husk 
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index 


Length 

mm. 
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MAIN TYPES 01- BURMA PAUUY AND RICE. 


FiR. 1. A young crop of unproved paddy at Hmawbi. 



Fig. 2. Seed selection plots at Hmawbi. 





LOWBB BUBMA PADDV AND ITS IMFKOVEMBKt 


29 ^ 

A grain broad in proportion to its length is described by millers as a “ bold” 
grain which suffers less breakage in milling, and this character is indicated by thi 
factor : A and B are thin grains and the other three are bold 

These five types have other distinguishing characters which arc equally im- 
portant, and a few are given below. 

A. Em ita has a long slender grain with the apiculus prominent and often curved. 
The grain is linear in shape and the kernal translucent. 

B. Letywezin has a slender grain with the apiculus prominent but not curved. 
The kernal is slender and translucent. 

C. Ngasein is a bold short medium grain with a prominent apiculus not curved. 
The shape is obovate and the kernal translucent, but often with abdominal white. 

D. Midon is a short round bold grain with a rounded apiculus and no beak. 
It is usually more or less hairy and the kt^rnal is opaque and chalky. 

E. Byat is a large broad grain with a rounded apiculus, no beak and usually 
hairy. The kernal is opaque and chalky. 

Each of the above groups is divided into <3arly, medium, and late maturing 
classes, with life periods of under 150 days, 150 to 170 days, and over 170 days, res- 
peotively. There are differences in the morphological characters of the plants 
thiuiiselves which need not b(^ detailed here, and it may also be noted that all 
the above rices are non-glutinous : glutinous rices mostly of the Emata type form 
a. class by themselves. 

Thost'. groups correspond mor<‘ or less with the distinctions recognized in milling 
practice, although there are varieties of rices in each of these groups with special 
characteristics, and their own commercial names. 


Faults of Burma paddy. 

The faults in Burma rice which require remedying have been detailed often 
enough and need only be briefly summarized. 

The chief of these are (1 ) presence of red grain among the white, (2) lack of uni- 
formity in size of grains, (3) exc(‘Hsivc breakage, and (4) the ])re8ence of awns. 

From the miller’s point of view what is required is a bold grain of regular size, 
free from red grain and awns, and which gives a high j>ercentage of wliole unbroken 
rice when milled. In a country where more than half the rice crop is exported, 
the grower’s requirements coincide with the miller’s, but in addition, the culti- 
vator wants a hardy crop which will resist weather and insects, and produce a high 
^ield of grain per acre. 

Red grain. There are varieties of rice in which the outer coat or testa of the 
kernal is wholly red, and since the average white crop consists of a mixture of 
varieties, red grain is usually found present from about six per cent. up>vardB. To 
remove this red colour, excessive milling is necessary, and the white grain suffers 
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breakage in the procesB : the effect of this is shown by the following figures 
supplied by the Burma Chamber of Commerce. 

(1) Outturn from 100 baskets* mixed red and white paddy milled into No. 2 
quality white rice. 

21'8‘l l)asket8 . . . . . . . . . . No. 2 white rice. 

17-72 baskets .......... J^roken rice. 

10- 77 baskets .......... Uran. 

(2) 100 baskets good D()lta paddy nearly all white milled into No. 2 quality 
white rice. 

29*l() bask(‘ts No. 2 white rice. 

11- 49 baskets .......... Hrokcii rice. 

S-.5 boskets .......... Bniii. 

The mixture of rc'd giain with the wdiite has led heie to a, loss of 7*‘b^ b; skets 
of white rice. 

Even wiien all th(3 red skin has been milled off, a pink tinge is retained f)y most 
of the red rices, and altliough there' is a limited marked for red rieje, wliite^ rice^ is tJie 
main requirement of the lieune and export trade. In some (ioiintries, red rie^e is 
de^finitely regarded as a weed and tieated as such. 

U nijormiiy. Unevenness of grain size is ane)ther s(‘rie)U8 draw^back from the mille^r's 
])oint. of view : te) mill tlie small grains tJie large grains must be e>ver-milleel and 
needlessly broken. Heu'e again the tremble is traces, ble to tlie mixed nature e)f the 
creip as ordinarily grown. Absolute uniformity of grain size ii] not attainable ; 
beHiause on the same ])lant the grains vary slightly incize at tli<^ te)[), middle, a, ml 
bottom of the ear ; but these variations are not important aiul the re'.al trouble 
arises when grains of widely differing sizes liave to be milled togetluT. 

Brcdhigc, All rice kernals are brittle to some extent but some are mucli more 
so than others, and since whole rice is more valuable than broken rice, the grain is 
retjuired to be as tough as possible to resist l)reakage. In testing new strains, some 
are found wiiich crumble and break very badly under inqaud, and otliers wliie-h 
withstand the husking and polisliing processes exceedingly w(il. Considerable im- 
portance is attached to this feature. 

Awns. Aw'jied varieties are not popular in Lower Burma witli either tlie milhu 
or tlie cultivator and they are not ne^irly so common as awnless variiiies : they 
arc; awkward to handle, and the awns impede the milbng processes. 

Improved varieties. 

While, as has already been mentioned, crossing and the introduction of exotic 
varieties liave not been neglected, the method of improvement adopted at ITmawbi 
lias been ])iineipally single line selection. There is a large amount of material tef 

* The villaj^^e baHket used throughout the country is a variable meanure but is of 

nine gallon capacity and containo from 48 to 51 Ib. unhuBked grain or paddy. The baHket u.scd by 
U.ango()n millerK is a standard 9-galIon measure with a basic weight of 4^1 lb.: padd y weiglnng inoi'e 
than 40 lb. is paid a poundage ])remium. The ba.sket of husked rice is a fixed weight of 75 lb. 
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work on in the mixed paddies of the country and the results achieved so far have 
})een distinctly encouraging : a large number of strains has been handled, as many 
as five hundred in a single year ; and a series of superior strains has been evolved 
adapted to suit varying conditions. 

In Lower Burma, rice is almost entirely rain fed with little or no irrigation, and 
on an average holding of 25 acres the cultivator finds it necessary to sow two or 
often more varieties of rice, to suit high, medium, and low lying fields, respectively, 
although the difference in levels may only be a matter of inches. 

The higher lying fields are ]jlanted with the shorter lived varieties such as L(ity- 
wezin; the medium fields with varieties of Ngasein ; and the low lying fields with the 
longer lived Ngasoins, Midons and Byats. 

There is no need for a very large number of varieties, however, and the seven 
which an^ now distributed from llmawbi are suitable for most conditions. The 
following table gives their lif<^ periods and other useful data. The life ])eriods vary 
slightly from year to y(‘.ar and places to plact‘ according to conditions, but are 
av(uage(l out here and show the relative |)ositions of the strains to one anotlier. 


N'lirloty 

Life 

in 

diiyrt 

DIMKNS 

PAM<y 

IONS 

IlK K 

1 

1 

1 

(lra|n!< 

THT 

ear 

8 gallons 
• UhIh-I 
W(‘iKht 
ot 

Per 
cent, 
vvliole 
rice f r 

W’EIQTIT 

OF 100 
OKAINB 

Husk 


Ltii. 

nth. 

Thk 

Lth. 

nth. 

'I'hk 


paddy 

paddy 

Paddy 





mm. 

1 

mm. 

rnm. 

mm. 

mm. 

mnt. 


lb. 


grill. 

grm. 


A. 1«*M4 

1 50 

0-78 

il-74 

2-40 

7 00 

2 25 

1 70 

231 

43 

45 

2-88 

2'21 

23-3 

JJ. 15-1 . 

100 

8 0(» 

305 

2- 10 

0-48 

208 

1 

1 05 , 

230 

47 

53 

2 08 

2 15 

19 8 

(’. 14-ai 

1.50 I 

8’ 50 

3-27 

232 

5 05 

2-77 

2-05 j 

344 

40 

42 

3 00 

2 45 

20-7 

(’. 

170 

8-98 

8 32 

2*20 

0 33 

2-83 

2 04 i 

177 

48 

52 

300 

2 38 

20-8 

(’. 14-H . 

180 

8-38 j 

1 3-30 , 

2 20 

1 

fT07 

2 78 

1 01 j 

290 

48 

50 

2 93 

2-33 

20 5 

C. 15-10 

100 

8-85 

3-37 j 

2 30 

0-30 

201 

2 00 j 

175 

48 

50 

31 0 

2 50 

21 1 

n. 17-BvS 

170 

8-40 

3-77 ' 

2-47 

0 27 

3 32 

2- 13 

177 

40 

59 

301 

2-87 

20-5 


Kmata is })ractic,ally confined to one district, Prome, witli a rainfall of -fb to 
50 inch(‘s, but itgro\v:’. very well further south at Hmawbi witli a rainfall of 05 inches. 
It is a fine long grain and the demand for it in Bangoon is said to be growing, 
cially for ])arboiling. There are seven local vaihdies of Emata, but A. 10-31 is a 
rejire amtative of the heaviest yielding and most robust tyjie, which, if recjuired, 
can be grown over a much bigger area than at present. 

Letywezin is a typ(^ of paddy whicli is widely grown in Insein. Tharrawaddy, 
and parts of Pegu Districts, and B. 15-1 is a good exam])le of the best ty]je. It is 
not so strong in the straw as it might he, but is a good hardy plant, yic'Ids w<‘ll, 
and mills into a good quality rice. In the localities where it is grown the rainfall 
is usually between 70 and 90 inches 
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Ngascin is grown all over Lower Burma and is the principal variety of rice ex- 
ported, especially to western markets. It has a bold translucent kornal and is 
mostly milled into white rice. For local consumption the softer varieties of Midon 
are preferred, and Ngasein rice sells cheaper in the bazaar. There is a larger number 
of varieties of Ngasein than of any other type, and they vary widely in appearance 
and length of growing period. They predominate, however, in the wetter parts of 
the country with a rainfall of 80 to 130 inches, although they are also found in 
the dry zone irrigated tracts, and some of the shorter lived varieties in districts of 
lesser rainfall. 

Four varieties of Ngasein are distributed from Hmawbi suited to different condi- 
tions. C. 15-10 is a long lived variety which does best in the Delta districts of 
Myaungmya, Maubin and Pyapon : it has a fine large clear kernal and produces 
the best rice of any of the Ngasein varieties, fetching also a better premium. The 
demand for it, however, is limited, since owing to its long growing period, it does 
not produce a full crop if the late rains are poor. Given suitable conditions it is 
capable of higher yields than any other variety and averaged at Hmawbi one year 
75 baskets per acre over 20 acres. One grower in Hanthawaddy District reported 
a few years ago a yield of 93 baskets per acre from this variety. This, however, is 
(exceptional, and, as already stated, the variety is only in limited demand since it 
retjuires specially favourable conditions for its successful growth. 

0. 14-8 is a more adaptable paddy, and is more widely grown than any other 
variety. The growing plant is erect and compact in habit, and grows slowly in its 
(iurlier stages. This latter feature j)robabIy accounts for its being attacked in some 
districts by the stem borer. The yield is good, however, and the rice (excellent 
although not so large as No. 10. 

C. 19-2G is a new variety which was only distributed in any quantity for the 
first time last year. It meets the ever growing demand for earli(?r maturity, and 
it combines this with a yield which is higher even than No. 8 and a rice which i'J 
equally good. The plant itself is tall and handsome, with a strong straw, and grows 
well all over Lower Burma. Tests in all districts in the Southern Circle have given 
consistently high yields, and this strain is likely to become the most jjopular in the 
near future of all the vaiietic^s being distributed. 

The last variety of Ngasein is C. 11-31 , an older variety which matures very early 
l.)ut produces a rice inferior in quality to that of the others mentioned : it is com- 
paratively soft and breaks more readily in milling. The plant grows strongly, 
and is much appreciated in llenzada District where it is still distributed in fair 
quantities, although in other districts it is now no longer recommended. 

The old Midon varieties such as Bawyut were mostly awned and fairly long 
lived. Of recent years shorter lived varieties have been coming into favour and 
D. 17-88 is an example of the best type called Kamakyi. It is awnlcss, early matur- 
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ing, a good yielder, and mills into a fine wliite opaque riee. The distribution of this 
seed is confined to Delta districts and has not made as much progress as that of 
other varieties. 


General chara(^ters of hie improved paddies. 

Yield. From the cultivator’s point of view the chief value of a variel y of paddy 
depends upon its yield per acre, and in the second jilace, on the price ho can get for 
it compared with others. In selection work tin’s consideration is kept very largely 
in view, but where the quality of the grain is very inferior even high yielding strains 
are discarded for those which have better all round qualities. The varieties now 
in distribution are all good yieldcrs, and are better in this resj)ect than the ordinary 
varieties grown by the cultivator. The following is v typical example of tlie differ- 
ence in yield between the local and improved seed. One of the commonest Ngaseins 
grown by cultivators round Hmawbi farm was Ngakyauk ; tested against C. 19-26 
of similar life period last year, the average result of a number of plots w as — 

Outturn j)er acri' Wtole rice in jnillin;.< 

Ngakyauk lb. 2,519 99 per C(uit. 

NgaRcin, C. 19-2(1 lb. 2,854 ...... 53 

This shows an inerciasi^ in yield of over 61 bask(^ts per acre and although mucli 
liiglier increases have bemi recorded fnujmuitly, it is fai?’ toassiinui Ihat in ciiltivaiois’ 
hands the improved varieti<‘S yield 1 or b ba.sk<‘ts juu* novo mor(‘ than tlieir own. 

Mflliiii/ qiialUios. Having secured a g<)<Kl \ i(‘ld tin* n(‘.\t thing is to satisfy tlu‘ 
miller. Th<5 method of improveimmt followed (U)rr(‘{;1s most of the faults; rtal 
grain and aw^ns liave been eliminat<d ; and fairly even uniform grain lias heim pro 
duced which does not biHiak exca^ssively in milling. The ])racti(;al effect of these 
improvements is indicated by the following extract of a letter from Mr. Edwards 
of Steel Brothers, one of the largest milling firms in Ibangoon 

“ 1 milled 2,963 baskets of 46 lb. each into No. 2 rice obtaining 36*1 baskets of 
rice of 75 lb. The average milling result on No. 2 rice is about 32 basktns of rice. 
This shows that No. JO ])ad(ly is a very fine milling grain due to the fact that it is 
pure and white.” The paddy rtfferred to wms (Mb-l O. 

Uj) country, where a small 15 acres seed farm run by the Agricultural Deparl- 
merit has been distributing pure seed since 19 bS, a quest; onnaire was sent to the 
four small mills operating in the town near by. Tlie rejilies received show that 
there has been a grading up in tlie quality of the paddy sent in for milling from the 
district served by the seed farm. The outturn of white rice per 1(H) baskets of 
paddy of the quality milled by these small mills used to bo 10 to 41 baskets, and 
is now 42 to 43 baskets (751b.). The paddy sent in is not pure improved paddy, 
but is still diluted with a considerable quantity of tlie older varieties. These ex- 
amples are typical and might be multiplied ad lib. 

F 
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lu cultivators’ hands, the new varieties become mixed with the older in the 
transplanted fields and on the tlireshing floors, but the grading u]) process is conti- 
nuous and progressive. 

Premiums of from Ks. 5 to Ks, 20 ])er 100 baskets are paid for improved paddies 
by the small mills, depending upon the state of purity or admixture of the paddy 
as it reaches the mill. 

Adaptability, Varieties of paddy which only grow well in special localities 
would be useless for the purpose of a general improvement of the crop throughout 
the country. Life period is a most important factor, and, as already mentioned, 
different varieties have to be selected to suit water conditions and length of the 
growing season. When this lias been done, however, other conditions are of com- 
paratively little importance. Ngasein 10, for example, grows well in acid soils in 
Lower Burma with a j)!! value of b l ; in the dry zone district of Minbu under 
irrigation, where it is the only improved seed distributed ; and in Mandalay on 
alkaline soils with a pll value of 8*1. There are certain broad distinctions wliicli 
must be observed ; Emata is practically confined to Prome District ; Midon varieties 
are only grown extensively in Delta districts ; and Byat varieties do not flourisli 
outside the district around Moulniein. A})art from these considerations, however, 
the few improved varieties at present distributed from Hmawbi are suitable for t he 
whole of Lower Burma ; they have been carefully tested in ever>^ district, and have 
invariably done well 


Methods of seed distribution. 

The central farm at llmawbi is the original source of all improv(‘d s(M^d in Lowit 
Burma. In each district, there are either Government seed farms, ])rivate seed 
farms or both, and these, drawing their seed from Hmawbi, multiply it for local 
distribution. The Government seed farm is either worked by an Assistant or I'ented 
out to a. tenant on terms which ensure the production of first class seiul only : this 
seed is distributed to jirivate seed farms, co-oj)crative societies, and individual 
cultivators. Private seed farms are owned by private individuals who take tlieii 
seed from the central farm, and if, after examination, their cro]> is sulliciently jmre, 
it is ceitilied, and they sell it as seed to other cultivators. Tli ere are no seedsmen 
in the WT^stern sense of tlie term, and the difficulty of maintaining seed purc^ in the 
cultivators’ liaiids is a real one. Through carelessness, jiure seed is mixed with others 
on the threshing floois ; grouudkee])ej s of the previous crops come uji and contami- 
nate the new^ seed ; and in brokers’ hands pure and impure paddy is mixed indis- 
criminately. 

One way out of the dilliculty is to make pure seed more readily available, and 
in larger quantities. With this obj<ct in view a number of now Government seed 
farms are being ojicned this year. In the Southern Circle, thirty-one of these farms 
of from 10 to lOO acres each, and totalling 1,500 acres, are being established through- 
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out the districtB, and tliese should form new and really reliable centres from which 
pure seed can bo obtained. A further scdieme has been sanctioned whereby at the 
more important (jontres larger seed farms of 200 acres each with seed storage accom- 
modation are being opened,, to be worked by tenants under the direct supervision 
of a Senior Agricmltural Assistant : there are. 10 of these farms projected for the 
province of which 5 are in Lower Burma. 

By these means larger and still larger supplies of improved seed will be made 
available in the districts with a (jonsoquent continuous grading up in the quality of 
the main crop. Cultivators throughout the country are coming to realize the ad- 
vantages of planting better seed, and the amount of K(ied sent out from the Hmawbi 
farm has grown steadily in recent years. 

Baskets 


1921 2,40C 

1922 3,003 

1923 3,783 

1924 3,972 

1925 7,309 

1920 (Imlenls) 8,350 


ddo* total re(U)r(l(d disti ibuti(*n last year, including S(‘ed farms in thi^ Southern 
(^ircle., was 21,1)02 l)askets. One basket is sulhcjient to j)lant. out one acre. Th<* 
limit of ])ur(^ seed production at llmawbi lias nearly been riuiched. and, as already 
indicated, eil'ort is being coiHuuitiated on ci eating larger su))plies in the districts 
t hemselves, wluue also distribution costs are less. 

As ]>ure. seed distribution (Jontinut‘.s tlie task of keeping it pure in the districts 
becomes progrc'ssively easier as tli<‘ old mixed varieties ar(‘ gradually replaced ; 
])Ui tluue is a long way to go l>efore the wliole cro]) is broiiglit u]) to the standard 
possibles, and red and uiicNum grains eliminated. 

It is im])ossible to giv(‘ accurate figures for tlie acreage at jiresent sown with 
imj)roved S(‘ed, tor a considerablt* amount of distribution of setd takes place 
among the cultivators tJiemseh'es of wliicli no record is available. Estimate's lioiii 
theoiistricts, iiowever, sho^^ tllat tliere is an anui of l00,000acre*s ])lanted A\ it]i almost 
pure seed, and a gre-ateu* area Asitli seed ANhich has l)e‘eu mixed to a gre^ater or lesser 
extent witli local varieties, 

Small mills, of which tliere is a large and increasing number in country districts, 
invariably pay premiums for <‘ven small quantities of ]mre paddy, but for ])addy 
bought and mixed by travelling brokeu’s for llie. ))ig mills in Baiigoon, Bassein, eU., 
it is more ditlicult to get fidl value for a good saiiqde. Big mills maintain that they 
cannot afford to ]>ay premiums for lots of less than 10, 000 basku^ts, but even here 
there is a growing dillorentiation Ix-tAveen tlie prices paid for ordinary and improved 
pa(ldi(‘.s. Ellorts arc being made to imcourage tlie joint sale of their improved 
produce by co-operativt^ societies direct to the big mills, cutting out the brokeiB 
entirely, and a successful beginning has been made with the societies around Hmawbi 

F 2 
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farm where a joint sale was carried out this year to a Rangoon mill with complete 
satisfaction to all concerned. 

With such a large area under rice in the province, the present area sown with 
pure seed is a comparatively small proportion of the whole, but the progress of 
improvement which was at first slow is gradually gaining strength ; district 
staffs are being strengthened and new seed farms are being opened in all directions ; 
millers and cultivators are growing in their appreciation of the new and improved 
varieties being placed at their command. 

Nothing encourages the production of improved paddy so much as the certainty 
that a higher price will be paid for it, and buyers of paddy can do much to en* 
courage improvement in this way. 

A great deal of steady progress has already been made towards the general 
improvement of the Lower Burma paddy crop, and although much more still re- 
mains to be done, the measures now being undertaken to increase the supply of 
pure seed should result in greatly accelerated progress in the futiu'C. The search 
for new and still better varieties of paddy is being actively continued and many 
problems connected with the cultivation of the cro}) still remain to be solved ; but 
given time, there appears no reason why the whole of the Lower Rurrna crop 
should not reach a higher standard than it at present attains. 



THE IMPKOVEMENT OF THE COTTON PLANT.**' 


BY 

TREVOR TROUGIlT, M.A., 
Cotton Research Botanist, Punjab, 


ItUroduction, Tlie first tiling necessary is a definition of \shat is meant, in this 
jiaper, by the word improvement/’ when ajiplied to the cotton plant. Any 
iiihei ent modification of the ])lant, whether morj^hological or physiological, which 
enables the field crop of that plant to compete commercially more successfully 
with the field crops of other plants, may be considered as an improvement. ^?uch 
a definition does not cover any cultural improvements. A disease-resisting plant 
would be included as an improvement, but special methods of growing the croj) w hich 
enable the croj) to resist disease more successfully would not be included, although, 
the 8})ecial methods may involve as a result a modification of plant form. The 
problems of improvement in this limited genetic sense will be chiefly considered in 
this paper, though it will not be possible entirely to exclude other aspects. They 
will also be ciiiefly consid^'-icd from the ])oint of view' of the practical cotton breeder 
who has not ujilijuited tim<‘ or staff, and w ho is economic in his outlook. 

Methods (if inrprovewent. In cotton the ideal which is attempted and seldom 
attained is an early and heavy yield ])er acre of good quality lint. Harland has 
stressed the imjiorUiuce of analysing the factors which make u]) yield. His unit 
factor is the weight of lint ])er seed. Other factors being equal, a cotton whi(h 
has the greater weight of lint per seed gives, of course, the heavier yield. Following 
Harland, other factors for yield can be deduced. These are:-- 

Weiglit of lint per seed (or lint index). 

Number of seeds per lock. 

Number ot looks per boll. 

Number of bolls per plant. 

Percentage of bolls to flowers. 

Number of flow era per plant. 

Number of plants per acre. 

A similar analysis of the factors which make for early maturing can be made, 
viz , : — 

Period of germination. 

Period from germination to formation of first bud prmordium. 


♦Paper read at the Indian Science Congress, pom bay, 1926. 
( 305 ) 
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Suitable root growth and leaf growth to prevent early shedding. 

Formation of first bud at an early node on main stem. 

Time taken from the laying down of one node to the next on main stem. 

Time from one node to next along the sympodium. 

Time of flower maturation from bud mother cell. 

Time of boll maturation from flower. 

Many of these physiological characters have proved to be remarkably constant 
within one variety, and also from season toseiison (2 and 3). The time taken from 
the laying down of one node to the next, for example, is constant, and does not 
depend on the temperature at the time (3). The period during whicli an internode 
of a sympodium elongates is also constant, though very (jonsiderable variations in 
length may be obtained in this fixed elongation j)eriod (3). In breeding for an 
early maturing variety therefore the conceptio/i of the ])roduction of bolls assn 
almost jueohanical process should be hcilpful and should give immediate information 
on the inherent possibilities of a variety. In a comparison of certain dcsi varieties, 
for example, a plant which bears its sympodia low down on its main stem should be 
earlier than one which bears them higher up. Again, Punjab-American which 
boars all its bolls at tlie very endf< of its sympodia may bo called constitutionally 
early, but culturally late. 

Only a beginning has been made in the determination of those pliysioul properties 
which make for high quality. Cling a quality which is lookc^d for by Alexandria 
graders, has been shown to depend on the convolutions of the single hair (4). 

Adderley presumes that this factor has a spinning value. The same author also 
has shown that lustre depends on the sha])e of the cross-section of the ( otton hair (5). 

Work is also in progress on the mercerising of cotton (6). 

A good quality lint is sup|)osod to mercerise }>etter tlian a poorer (juality lint. 
It appears that the difference in this case ])roveK to be connectc'd with the structure 
of the cuticle of the fibre. But the reasons for these physical differences in the fibre 
are still unknown. Mrs. Howard said, two yt^ars ago before this (^ingress, that 
‘‘ quality in produce is generally associated with definite localities."' This is jiart 
of the secret, but the variety grown must also be important. Sakel cotton, in 
addition to its yield, also loses part of its quality when grown out of its environment.^ 
The skilful grader can actually recognize Sakel grown in different parts of the delta 
of Egypt. Hoduotious from observations on the relations between daily elongation 
in Sakol and temperature led Dr. McKenzie Taylor and the author to the conclusion 
that Sakol grew best with a certain daily range of temperature at a particular period 
of its growtli. In the locality where Sakel gave the best yield and best quality, this 
range of tomporature was found to occur more frequently during the period of 
maximum growth than in other localities where Sakel did not do so well. Outside 
localities where Sakol had been tried and failed, this range did not occur. 
This work may never be completed, but further indications were obtained that other 
varieties required a different temperature range for their most satisfactory growth, 
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These observations lead to the conclusion that for quality, each locality must produce 
its own local form, adapted to its own environment. Frima facie it should be possible 
to attain as high standard in quality and yield in one locality as in anotlier ; the 
])roblem is to find the correct unit S])eci()S for each locality. 

Practical methods of improvement. These will be considerc'd under three heads 

(1) Seh^ction, 

(2) Acclimatizatioz' 

(3) Hybridization 

(1) Selection. The normal ])rocedure in pure line work is based on Johannsen's 
work with l)e^in8. A plant with desirable features is selected from a mixed crop, 
the llow(us on S(‘lect<id plants from its progeny are self-pollinated, and from the self- 
bred seed so obtained juv\t year’s })ure lines are obtained and so on. In due course, 
theoretically, a strain ])ure for all major characters is obtained. East and Jones, 
howev(^r, in their book “ Inbreeding and (bitbreeding (])ag<‘. 130) say that it is not 
until after about thrive g(Uitu*atioiis of self-fertilization that (‘xtreiiK*. types liegin 
to ajipear. Such is what actually hajzpens witli cotton. Two examjiles from the 
author’s exiieriencM'- may be given. A wrinkled leaf dwarf- jirobably very similar 
to Hailand’s dwarf rogue- suddenly turned uj> in a j)ure crop of Egy])tian cotton, 
—and a cotton. ty])ieal of a peculiar cotton whicli was cultivated in Egypt about 
If) y(‘arH ago, and known as " Hahmia ” cotton [described liy Dudgeoji (7)], appeared 
in a, propagation plot of a n(‘w tyyx^ at (liza. 

The, wrinkUd leaf tyyie was a sinqile recessive to the normal tyjie of cotton as in 
llarland’s caH«^ ; the Bahmia ty])e is also ainmst certainly a simple recessive though 
this has not yet been worked out. 

Kearney (S) nHjontly has also shown the probability of hereditable variations in 
Pima whudi was ajiparently an entirely uniform variidy. vSelection in cotton 
becomes therefore somewhat more, coiU])licated than it seems and is made still more 
ditiicult and tedious by the precautions necessary against the natural cross-fertiliza* 
tion wli'ich takes ])lace in the field. 

It must be ernjdiasized that all selection work must coniine itself to a certain 
district. It is hopeless to try to select on om^ experimental iarm for a district in 
which tlie climatic conditions or tln^, soil difier from the conditions on the ex]>eri- 
mental farm. The growing of pure lines should be dom^ in the mughbourhood 
of the district for whi(jh the new strains arc intended so that they are grown under 
the conditions in which they will eventually be projiagated. The laboratory records 
and routine work can, however, be done at a central laboratory. In scdection with 
cotton, the normal procedure at tlie start is to go amongst the crop at the time the 
bolls are opening, and pick out those plants which by their actual })erformance in 
the field show themselves superior to other plants. The number of bolls on the plant 
indicate its yielding power, the number of bolls open indicates its early maturit\ . 
^nd the quality of its lint and its length can be determined later in the laboratory, 
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when a further seleotion is made. Disorimination in choice must be exercised, as 
the position of the plant in the field may exert a preponderating influence. A plant 
on the edge of the field, or at a spacing greater than the normal, may give an entirely 
false impression of its capabilities. Even when conditions are normal, the yield of a 
single plant cannot give more than the vaguest idea of the value of its progeny in 
field crop for yield. It is not till a new strain has reached some bulk that it is pos- 
sible to institute yield conijiarisons l)y chequer plotting. Chequer plotting on a 
scale suitable for cotton is very wasteful of seed, as the seed from chequer plots 
cannot be used for furtlior pro])agation. 

Balls, with his flowering curves, pushed back a stage the point where yield 
comparisons could be instituted ; but even there, there is a waste of seed, and a 
scatter of plots is just as necessary. 

In selecting for yield therefore it must be realized that the selector relies partly 
on luck and largely on experienced speculation for his improved type. The problem 
is to eliminate this element of luck as early as })os8il)le ; thereby eliminating numbers 
of types which would otherwise have to be continued, with the consequent increase 
in the routine records, observations, etc., wlticli are required. 

If we refer back to llarland’s analysis, we find that although the unit factor fn 
yield is the weight of lint per seed, tJiis may not be th(‘, determining factor for final 
yield. Other things being equal, it is so : but it is seldom that it can be expected 
that oilier things will be equal. The number of seeds ))er lock, or the number of 
locks per boll, or the number of bolls per plant, may b<^ the detiuminiiig factor. 

It is a pessimistic but ])robably f*orre(;t view, that nevi^r will it be possible to 
obtain numerical dahi on a single cotton plant (assumedly homozygous) which 
will indicate its performance in field crop. 

Tlie next stage is the pure line family obtained from the sijigle plant. Here 
the ground is safer, for tliere should be ap]>roximately a hundred plants on which to 
make observations, 'fhese ]>laiitH also can be grown at definite uniform sjiacings 
so that one cause of variation is partly overcome. Detailed observations on all 
of the hundred cannot be carried out, but from eacdi family a number of plants can 
be selected as typical of the family (The family is assumed to be pure. Impure 
families are naturally discarded, though single ])lants may be selected to start other 
pure line families.) 

The plant averages, however, can be easily obtained for such characters as lint 
length, seed weight, and lint index, and from these the family averages can be cal-- 
oulated ; tliese averages are used in comparisons between difl’erent pure lines. 

When dealing wdtli large numbers, the numbers to be taken for these averages 
have to be carefully considered. 

Normally, not less than 2025 plants wmuld be considered safe and a satisfactory 
coiTelation (m-edicieut in the following year can then be obtained with the progeny 
families, [n the third year this correlation co-efficient can be applied as a test of 
purity. The correlation co~efficicnt between the parent average and the progeny 
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family average for a true pure line should approximate to zero. The method has 
been used in Egypt satisfactorily and is also applied to other crops, but it requires 
considerable labour, as so many plants have to be dealt with. Another problem of 
selection work is the reduction in numbers necessary from one year to the next. 
Only a certain number of pure lino families can be grown in the space available and 
there is a limit to the labour available to deal with them. It is generally found 
that more plants pass the tests applied than there is room for in the field. A final 
sowing selection has to be made, and this selection is frequently difficult, as there 
is little choice. All the plants are desirable, or they would not have .survived so far. 
ft has been found that pedigree records, showing the performance in ])revious ye^rs 
of the strain concerned, are of the greatest use in this final selection. 

The laboratory tests of purity to be applied must be ( hosejj almost solely from 
the labour point of view, for it is important that all the test-s chostm are applied to 
all the ])lants wliich come under sehM'tion. Lint length, lint ind(‘x and G. 0. T., 
seed vvtiight, and plant yield are characters whi( h can be mciisured 8im])ly and 
raj)idiy and can all be done in the lal)()ratory during tlie wintc^r season ; the length 
of boll maturation period, and comparative percentage* ‘shedding can be obtained 
from the routine riicords of selling, but tests which re(j uire numerous routine measure 
ments during the actual growth of the plant sucli as h*af factor or ])etal size are 
(jiiite im])ossible if large numbers have to be dealt witJi ; thougli leaf factor, for 
e,xam]»!e, would be undoubtedly of the greatest use as an index of vegetative purity. 
Ill pra<*>tice it is found that vegetative eliaracters must be judged largely by eye. A 
criterion of what ruiglit bo calhid seleotability ” is the root d(*velopment. Where 
the vegetative habit of a plant varies so miieh as in cotton, it is ])robable that the root 
develo])mont also varies greatly. The importance of root dev *lopment is obvious 
end may be the determining factor in the suitability of a type of cotton for a certain 
locality. Th is has alr(*.ady been shown to be tluGacf under certain conditions in the 
United Provinces (10). But so far no method has been (levis(‘d, nor does it seem 
within tliti bounds of possibility that root dcvelopimmt can be used as a test of the 
selectability of a single plant. If the plant’s performance is Siitisfactory, it must 
be presumed that its root machinery is efficient. This emphasizes the point referred 
to earlier that selections should be made on the spot. 

To enlarge a little, and with more particular reference to quality, Alexandria 
graders say they can distinguish easily between Kafr el Zayat Sakel and Zifta or 
Damanhour Sakel. In the Punjab, Sailana district desi is supposed to be of a finer 
quality than desi of the same variety from other districts. But it is of no use to 
sow Kafr el Zayat seed in the Zifta district or the Damanhour distrit;!, nor presum- 
ably is as fine a quality obtained from Sailana seed in other disti icis. This may be a 
pro})lem of root development which shows itself in the plant’s temperature reactions. 
Kafr el Zayat ])lant8 have not that root development which fits them for tlie Zift»a 
district. The only solution is to select in the actual district. There appears no 
feasoii why selection in the district should not produce the Kafr el Zayat quality on 
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tho, Zifta root. At tho momont tJir tojirtonoy is tor centmlizocl cotton breeding 
stations, ft root dovolo])iTi(>nt is to bo considen'd ns one oJ the factors in cotton 
improvement- and it must he so (jonsidered- district sub-stations for actual 
selootion must bt‘ employed. 

A('dini(itizafi(fN. Little ne(‘d b<' said about n.(a5limatization. It is a. favourite 
form of cotton (uigenicjs, and has be<‘n t.ri<*d n,nd Jins almost consistently failed., for 
many years. In analys'ng tiie (iaus(‘H of failure, t lie reasons are at once njijiarmit ; 
the experimenter was not suiliciently ])ati<mt, and expected too mucli. If aiuili- 
nifitization isoonsidered as accelerated (‘.volutirin, it is realized at once that tlie })roce8s 
must be slow. Five yi^ars or ten years cannot be expected to giAU'. results. Even 
tweuity yeai’s may not, b(i long enough to a.(iCoui[)lish wliat miglit Ix^ accoinplislied in 
nature in liOO years J^hirthe.i' it must not be ex])e<;1<‘d tliat an unclianged form will 
grow as suitablv in a, new eu\uronm<‘nt. (^juinges must be expected and the probhun 
confronting tlie s<dector is to s<‘e that as many of tJi(‘ original charact(U’s are la'tained 
as possible. Actual (‘xpericmei^ shows that imjU’ovemmit cau be exjiected. In 
acclimatization work, jiuri' lim^ seliMdion must nat nrally be em])loyed, as an additional 
nutans of a,cc(de.ra-tion. 

Hf/hridizff/ioH . AT’titicia.1 iiybridization is looked upon as tlie main v\’ea])on 
in the ])lant breeder's armoury, but for cotton it is doubtful wlndher at jin^scmt it is 
so powerlul as for sonu' otlnw (;ro])S. Tliadani (II) differentiates tlx* characters ol 
cotton into two classes, thos(‘ whicli tend to increasi^ the intrinsii^ valu(‘ of tlie croj) 
and t]ios(i which serv<* as a distinguishing mark to k(*j*p the strain pure, fn the 
genetics of cotton, lunscvei', the liasic jiroldem is to determine wliich aie unit 
factor (diaracters. 

fkirtain characters of tln^ seed a.re shown by Thadani to de])(md on a single factor 
as does also the ainount of‘ lint ])er seed. Ife cautions plant linxnlers, how(iver, against 
applying ge.nerally tlx* r^^sults of [)articular crosses, and tliis caution is necessaiy 
in the lat,t <w (;ase. Kearney (12), in determining the inheritaaice of chara,ct<u\s, only 
found three wliich were, faiily clear cases of singb‘ factor diaracters, jianx^Iy, ])(dal 
spot, anther colour, and midlock furrow’ index, n<me of which ap])ears to be of 
particular agricultural im])ortance. 

Turning to factors of more direct economic importajioe, it has been found that 
length of lint (12), length of vegetative ]>eriod and tyjie of Iminching (13) and, jiarti- 
(udarlv, yi<‘ld arc govcrjxid by so many factors tliat no (experimenter has yet arrived 
at any unit difT(y’ence wliich could be ascribed to a single genetic factor. 

There is no doubt that these charaetcu istics are heritable but the ojieration of the 
laws which gov('rn their inheritance is still obscure. It is possibly significant that 
lu) commercial vaimety at present grown in any bulk has originated as a deliberate 
H)Gi Ihetic ])roduct by a jilant breeder. Even in the case of the cross between Kumpta 
and neglvdum rosea numtioixid by Kottnr (14) it Avas only after careful sele.ction 
that the combination of the characters of the parents was obtained in pure strain. 
Artificial hybridization then can only be considered as a means of obtaining desirable 
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ooinhinationH in the progeny ))iit tliore is no certainty. The F., I'aniilies, in ioct, 
must be looked on in the same light as a mixed cro]>, from which desirabl(‘, jilants 
can bo selectiKl. Tlie. advantagi^ of artificial hybridization is that thc^ mixture is 
more conc(‘ntrat(*d, and so seli^ition is sim]>lified. Kailt^y at the Jh24 nnaTing of the 
Imperial Botanical (k)nfe7enc(‘. strongly recommended that artificial hybridization 
should bo loft Hovondy aloiK'. by a ]>rartical (jotton f>r(a*(ler unt il he had done his la^st 
with the cro]) at his disposal and also obtained juin' lijies whose ])iirity he (amid 
guarantee. This advice is undoubtidly sound if results of (‘commiic importance are 
to b(^ obtaimnl. 

It is difficult to assign a,ny r<‘a.son for tlie iiujorngibility of cotton. The large 
uiimIxT of (diroinosoni(*s ma-v a.ccount for it (^)tt(m is on a pai- with ma.n in this 
respect. Vi^t it is found that a singh* fa,ctor in llarlamrs l)wari rogiu' oi in the 
Egy]>ti.in Wrinkled hcif will changi* tin* whole b(Ml\' of the plejit. mein ^^tcm, 
h‘a,V(‘s, jl()W(*.rs and aaithms Another sijigh‘ factor only alleids the pedal s])ot. 
The rod colomtion of the sap is dm* {<» a singh* faedor, but huigtli ot lint may be dm', 
to about om* faedor pm- milliimdre. 

An e.xhausti\e and tJi(M>ret le.al study of singl<‘ jaedew cliaraidevs is tlieredore' an 
essi'iitiaJ b(dor(‘ ci'rtainty can be obtaimsl in tlie luoduetion of n(W\ ty])('s oi c(nton 
by hybridization K<‘arm*\ (12)aJid Dunlawy (15) ha \a' tabulated numerous correla- 
tion (;o (dlie-Huds Indweeui ^'(‘get jit i\-c and ses'd a rid lint (dia imdeis. 1 at it canned be 
stall'd definit(‘ly that t he (diaiaudius cliosiui w<‘i<‘ single faidor (dia rmdt'is It S(*ems 
]U‘obable that tlic single faidoi in cotton fiiwjucidh’ ma\' atT('(d jiioK' than om* organ 
of the plaid ; and till work has been done on this asjKi t of ihc jiroblem. correla- 
tion (U) effici(‘Jits betwei'ii measiirealde (tharaidi'Ts must lose a portiiui of tlu'ir wilm . 


SlJMMARV. 

Summarizing, it will b(‘ noted that th<‘ mam ])roblem in tlie iin]irov(‘ment of t.h(‘ 
cot toll, plant is to put tln'ory int o j)ra<d ua'. Anu'thod ofsiffi'ction by pine luu' work 
IS hi-ielly (b'seribed and mm lx* usi'fully su])ph*m(‘nt(Hl l)^' aiadimat i/ation work 
Tlu' importanca' ol tin* ro(d sysltun and th(‘ mMa‘ssit \' for tin* juaxluct ion oi local 
unit. sj)('(d<‘s IS ('mpha.siz(Hl. Artificial hybridization at the ]>nr>cnt stagr (d km^v- 
ledg(' {l()(‘s not intro(lnc(^ a,ny C(‘rta,inty of inipro\(‘m(uit along diri'ided liju's, but 
combiiK'd witli s<‘I(aiti(m jii’obably increases the chaiici* tif olitaining ch'sirablc* com- 
binations ot characters. 
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VI- THE PIROPLASMOSES OF CATTLE IN INDIA. 

A PRELIMINARY NOTE. 

HY 

JlUOll (U)()PER, M.R.C.V.S., 

Pathologist^ huperial 1 nstitutc of Veterinary Research, Muldesar. 

PiROPLASMS ar(? protozoan parasites that invade the red l)lood corpus- 

(iles of aniiuals, and rather closely resiunhle tlie malarial ])arasitefi ol man. The 
nanie“ piroj)laam ’’ is, however, used asacomjm^hensivc^ l erm to designate a number 
of speciheally, or even generically, dill’erent organiMu^, the term “ ])iroplasmosi8” 
being ajiplied to diseas^^s causi'd by these ])arasi1es. 

In other eountries no less than seven alleged 8})eeies of “ ])iroplasm ” (Brumpt, 
1920) liave been described in cattle, altboiigli in soim*. (uises tJie distinctions that 
have been made are probaldy not W(*H founded. A very well defined distinction 
exists, however, which permits of thesis organisms being divided into two main 
generic groups Babesia { - Pintplasma) and Thcileria. 

At the Imperial rnstitute of Veterinary Resi^arch, Muktesar, systematiii examina- 
tion of blood smears and also postmortem examinations have been carried out con- 
tinuously during the last thrive } ears, and a total of three to four thousand blood 
smears have thus been examined during eacli year. From these examinations 
and also from the examination of a number of blood smears made from cattle in 
other districts, it is evident that in India ‘‘ piroplasmosis” of cattle is widespread, 
the “ piroplasins ” discovered so far being of two kinds only, one representative of 
each of the two generic groups indicated above.^ It is permissible to add to this 


^ Thedefinitediagnosisof the two species of* ‘ piroplasm ” found in cattle at Muktesar and the view 
that they are the only species yet detected at the Institute, have both been arrived at by the Direc- 
tor of the Institute. 
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nuHiber a third parasite described by Sheather (1919) as a malarial parasite in i\w 
blood of buffaloes. 

In a paper read before the Indian Science Congress at its meeting in 1924, 
reference was made to the two most important of these parasites, and the methods 
that may be used to restrict or eliminate the diseiises caused by them were des- 
cribed. It is proposed to give in this jjaper a further brief description of these* para- 
sites, which would entail a certain amount of reoaj)itulation of the facts referred to 
in the previous paper. 

BabeMd hiyaminum is the largest of the bovine “])iroplasms ” and in their typical 
form they are found inside the red blood corpuscles resembling two pears joined at 
their tapering extremities, with their bodies set at a somevvhat acute angle (Plate 
XVIII, fig. 1). Tills form is commonly found in slight infections, particularly of 
the “ carrier ” type. It would appear that infection with this parasite is so wid<v 
spread in India that probably in most localities cattle become infected as young 
oalv(5S, at which age they possess a high degree of resistance and recover readily, 
aiularc subsequently immune by virtue of being carriers ’’ of the parasite in a 
latent state of activity for the rest of their lives. These parasites, however, are 
als(j the cause of an acute ajid severe disease in ca-ttle. known as tropical redwater. 
This disease occurs when infection is transmitted at a later and highly susc(q)tible 
stage ill the life of cattle, such as when adult cattle are im])orted into India from 
a country where piroplasms do not exist. The diH(*.ase also results when tin? 
immunity, obtained by cattle as young calves, is broken down, such as is liable to 
occur through the effects of intercurrent disease conditions due to, for example, 
rinderpest or exposure to adverse conditions. At the height of this disease, as 
many as 75 per cent, of the red blood corpuscles may be invaded, and the parasit es 
then assume many varied forms, although the typical form may still also be present 
in small numbers. A very common form is a single jiaiasite within the corjiuscles, 
round or oval in sha])e, with a deeply staining structure representing the bezel. 
Many irregular elongated and ovoid forms are usually also present wliich vary coji- 
siderably in size, and not infrequently a few parasites are seen to be (juite free and 
outside the corpuscles. 

Although under natural conditions the disease is transmitted through the agmicy 
of ticks, it can be n^adily set uj) also by the injection of blood containing the para- 
sites, into a susceptible bovine animal. In this case a sharp rise in temperature 
occurs between the 6th and the 10th day after the injection, and sometimes a day or 
two later. Frequently, after the fevcT has been in }>rogress for a very short time 
the urin(‘- of the animal becomes coloured red from the iiresenci^ of destroyed blood 
corjiuHcles excreted by the kidneys, and it is from this symptom that the disease 
receives its name of redwater.’' On account of the widespread infection of Indian 
cattle with this ‘‘ piroplasm,” accidents occasionally occur in this way during the 
so-called serum-simultaneous ” method of inoculation of cattle against rinderpest, 
where a small quantity of blood from an animal suffering from rinderpest has to be 



PLATE XV !U. 



Fig. 2. Kwh s Blue Bodies, y 1860. 






fllB PIROPLASMOSES op cattle in INOIA 


315 


uBod, and this complication has to l)o feared most of all in adult imported cattle. 
Sometimes, however, animals die suddenly from the effects of inva-sion by this para- 
site, without passing red-tinged urine, and in these cases occjasionally no piro- 
plasm ” can be detected in blood smears made in the ordinary way from the peripheral 
blood. This is due to the vcvry rapid multiplication of the parasite within the 
minute blood vessels of certain organs, notably the kidneys and the brain, and a 
diagnosis can then only be based u])on the nature of the temperature curve, or 
upon examination of smears made from these organs. 

It is fortunate that the disease caused by this form of ‘‘ piro])lasm ” can usually 
be successfully treated by the ])rompt use of IrtjpaMau, whicli appears to exert 
a specific action upon the parasites.^ 

Tkdltria ynutam is a very mucli smaller palasite than B. Ijigcminum, and occurs 
within the. red blood corj)UScles both as short rod or (•omma-shaped structures and 
also as round or oval “ ring” forms, while very oc(;asionally bodies resembling a 
minute Maltese cross may also be seen. This ])arasite lias a very wide distribution 
throughout the warmer countries of the world and ap])t‘ars to be almost universally 
])resent in Indian cattle ; at least, at Muktesar it is diflicult to obtain cattle free 
from it. In the majority of animals, however, the parasites may not be detected 
ujitil continued daily examination of the blooi is made. 1\ tnalami is usually 
considered to be harmless, and under certain conditions considerable numbers of 
them may be encountered in flic blood, although the affected cattle usually 
exhibit no ill effects. The foiiii of the jiarasite, as it occurs within the blood cor- 
puscles, is quite indistinguishable from another “ piroplasm -the formidable 
Thdleria yarva whitdi is the cause of tlie disease known as I^ast Coast Fever, and 
infection with this j)aiasite has been responsible for enormous mortality in cattle 
in Africa. The distinguisliing feature betw(‘en the two parasites has been held 
hitherto to be the presence (d earlier developmental lorms in tlu^ c,asi‘ of T. parva, 
wliich have the appearance of c.omparatively large celldikc structures, known as 
” Koch’s blm^ bodies" (riat(‘ XVlIl, fig. 2 ). Until quit(‘ recently, it was believed 
that no such bodies (»ccurred in the life liistory of T. inutmis. 

In certain countrii^s, nol-ably in Kgy])t and the Trans-(^aucasus, wliat a])pea] ed 
to be a thinl speides of jiarasite, belonging to the genus Thrilcrio, has lu^en described 
as PiropUmna anitiiUttum (DscJuinkowsky, 1904: Carpano. lldT)). This ])iro- 
plasm ” wus found to be r(‘S])onsibhi for a certain relatively small movtiility in 
cattle, and “ Koch’s l)lue bodies ” were found in animals dead of tlie affection ; 
yet the disease showi* mutain marked iliffertwes to Eiist Const P’'(‘ver (d East and 
Soutli Africa. Quite recently an interpretation of the recordcMl bud-s that has 
r<x;eived much support is as follows. Brumjit (1923) has shown that when 
blood from an animal harbouring t.he clironic carrier ” ty])e of infection with T . 

1 It is of inlon'nt that Jialn sid bot'i\s ( IJ. ditrrfjf H'' ; Brumi>t, 1^22), tiu* oilier “ piro" 

plaam ” iiKiriminatf'U with the eau»ati<»n of Lovine jnrophi.'^inosiK, luib not b» ( ii deiect/Cid in India- 
Tho {larurtite, alt]n»u;.4» it reaembles li. hi/jeuiitium in ceiiain ntipeetK, yet diflViy in the very important 
act tliat it is not acted upon by trifpmif lfiu. 
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Mutans, is injected into cattle in a country known to be entirely free from the 
piroplasmoses ’’ (c.17,, France), a fatal disease may result in which ‘‘ Koch’s blue 
bodies ” are present. There is a very good reason to believe, therefore, and this 
hypothesis has been strongly held by the Director of the Imperial Institute of 
Veterinary Research, Muktesar, that the creation of the species annulcitum is not 
justified, inasmuch as the disease described as due to such a parasite, represents 
in all probability only an acute and fatal infection \vith 1\ rnufans. Further, it may 
even be stated that T. miitans and T, parva are such closely related species of “ piro- 
plasm,” differing only in tlieir degree of pathogenicity in cattle, that T, parva is 
probably only a particularly virulent strain or variant of the almost universally 
present T. muians. 

During the systematic examination of cattle at Muktesar, the possibility (which 
has been suggested both by the Director of the Institute and also by Sir Arnold 
Theiler, Director of Veterinary Education and Research in South Africa) of the pre- 
sence in India of “ jiiroplasms ” of the annulaium type w^as borne in mind, and on 
12th June 1922, at examination of a hill bull that had died suddenly 

and unexpectedly, lesions resembling those of the disease described in Egypt were 
found, and no difficulty was experienced in demonstrating the presence of a very 
heavy infection of the blood with Theileria, together with large niunbers of “ Koch’s 
blue bodies ” in the cells of various organs. During the summer of the same year, 
six cases of this kind were detected, and in the followmg year (192‘I) a further thn^e 
were found. During the winter of 1923-24 a visit to the Muktesar Institute was 
made by Sir Arnold llieiler, who is responsible for the original discovery in Africa 
both of T. parva (1901) and of T ntatati.s (1900). At that time he exsiuined smears 
from the cases found at Muktes ir and declared that the pa-rasites belonged to the 
genus Theileria, 

In some ])ublications upon the subject (e g., Brumpt, 1920), mention is made of 
the previous detection of Theileria infections of cattle in India, wath the preseiuai of 
“ Koch’s blue bodies.” Correspondence has recently been entered into with 
Montgomery, who is credited wdth the publication of this fact. It wa)u]d appear 
tliat in 1911 a smea-r alleged to have been made from the spleen of a bovine animal 
in India was sent to an assistant of his in East Africa by a A^etcrinary Assistant in 
Bombay, and u])on examination Montgomery confirmed the luesence in it of 
“ Koch’s blue bodies.” It is, ap])arently, from a verbal mention of this incident 
that the occurrenf’c of this parasite in India has been recorded in the i>ul)lications 
referred to. Although ordinarily, therefore, widespread distribution of the chronic 
harmless type occurs in India, under certain circimistances, which are at present not 
well understood, mortality in cattle may occur from “ piroplasms ” of the genus 
Theileria. 

Pla^smodium bubalw, described by Sheather (1919) in the blood of a buffalo, 
has only been encountered on two oc(‘.asion8 at Muktesar, during the last three years, 
although since the first discovery and previous to 1922 it has not infrequently been 
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detected. This number in all probability, tlieroforo, gives a quite erroneous impres- 
sion of the incidence of infection. As far as it is known at present, the parasite is 
not responsible lor any marked ill-effects in the animal affected, althougli the 
number of blood examinations of buffaloes during the period has not been very 
large. In both th() cases referred to, the animals had died, and the carcases had 
been disposed of before examination of the fihns was made. In both cases also, the 
parasites were extremely rare in the smears examined and no opportunity has 
yet occurred for further study of the infection. 
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THE COTTON GROWING PROBLEMS OF THE BLACK SOILS 

IN INDIA * 
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Central India ; 

AND 

H. A. HYDE, M.C., 

Superintending Engineer, Central India P. W. D., Indore. 

On tho black aoils of tbe PoninHula, tho cottx)n crop is mostly raised on the 
natural rainfall. Tho yield therefore is at the mercy of the monsoon. Irrigation 
is undevelo])od although in some tracts subtenanean sujiplics exist which, if utilized, 
would markedly increase the yield ]»er acre. Ihe conditions on these soils therefore 
are very different from those of the alluvium in North-West India where a very 
large portion of the cotton crop dej)end8 on ctmal irrigation. 

Cotton does best in most parts of the blade soil tract if tho rainfall is below the 
average and also well distributed. Under these conditions, growth in tho early 
stages is rapid, the size of tho mature fdant is well above the normal mid the bolls 
mature early. Further, there i.s litth) disease and boll sliedding is insignificant. 
Heavy rainfall, on the other hand, is very harmful totlic crop. Growth is slow, 
the ])lant8 are stunted, tho yield is low and the bolls opeJi late. In such seasons 
th(! various pests take a heavy toll. Heavy rauifall on the black soils therefore 
intnHluces a limiting factor in growth which apj)ears to be an excessive development 
of soil colloids. These interfere with aeration and })eTcolatiou and profoundly 
uiHuence the flora and chemistry of the soil as well as tho root-development of the 
cotton plant. 

The most pressing problem ui cotton growmg on the black soil of India is the 
discovery of the best moans of dealing with these soil colloids that the grower 
rather than the monsoon can take command. At present, the grower is at tho 
mercy of the rainfall and the yield is a matter of chance. What is wanted is to 
furnish tho cultivator with some weapon by means of which tho jmsition can bo 
partly or entirely reversed. The first step in this undertaking is to improve the 
surface drainage of each row of cotton plants so that local water-logging can bo 


* Paper road at tiro Indian Science OongreBS, Bumbay, 1926. 
( 818 ) 
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prevontol. At Surat^Mjinn and Im ataiT have j)iad(^ a v(Ty pioiiiising beginning 
in this dirt ction. Cotton is grown on broad ridges instead of on tlie Hat. Growth 
and root-developnnmt ar<i thereby stimulated and the yield of lint is markedly 
increased. There is, however, an obvious limit to the improvemimt possible by this 
means as colloids develop even when the soil is tJirowii into ritlges. The adverse 
factor can be attacked in at least two diretdions, firstly by means of sub-soil 
drainage and secondly by the use of substances which tend to ])ut the colloids out 
of action and promote Hocculation. Allan’s experiments^ at Nagpur show that 
sub-soil drainage on hciavy black soils has a beneficial effect on percolation and 
on the growth of (cotton and c)ther cjo})8, but whether the improvement is great 
enough in the eyes of the cultivator to justify the trouble and expense of the 
meth(Kl is a question which camiot be answ'ered at the moment. Further work 
is desirable in this direction in localities like Broach which producer su})erior types 
of cotton. 

The addition to the soil of substances like saillower cak(i and various chemicals is 
})erha]>s the easiest and most promising direction of dealing with colloids. Safflower 
cake is a valualHe manure from two ])oints of view. It acts on the soil in two ways: 
(1) indirectly by putting the colloids out of action and (2) directly by juoviding 
nitrogtui in a readily available fonn. Further, it is a local f)T()ducjt. It seems prob- 
able that karnnj calce {Pongamia glabra) has a similar action on the soil. At the 
Institute of llant Industry, Indore, an af>plication of karanj cake at the rate of five 
maiinds (400 lb.) to the acre increast^d the yield of kapa^^ by more than 25 jku cmt. 
Much more w^ork is needed on the secondary idfect of manures of this class in 
promoting ])ercolation in black soils during the rains. The indirect effect of these 
cake.s and of various chemicals on these soils offers a whh^ held of us(dul woi k for both 
the physicist and the chemist. It is one which has been almost entirely neglected 
pi India. 

1'here is another direction in which tlui study of colloids is lilady to be of consi- 
derable value on black soils, namely, in jueserving tlie life of irrigation wadis. 
If more wells could be provided in tluise tracls the door would be r)pened to tin? 
succ essful cultivation of superior iy[)es of cotton and larger yhdds would be ])ossib]e. 
There is, however, one great diflimilty. When wells in the tra]) anvi are worked 
beyond the rate of natural recovery exjjerieiice shows that the yield of w ater rapidly 
falls off and the wnlls often die. This result a])]iearsto be due in many castes to 
the uncovering of the inter-trapjceiui layers through which these w ells are fed. If 
the water-bearing layers are frequently exposed to ihti air, as is bound to ha])]>en 
every time the well is emptied, all the conditions are set uj) for the raj)id formation 
of soil colloids from the partially disintegrated traj) and the cracks through which 
the water enters the well slowly become scaled by these gummy substances. The 
well then gradually ceases to function although the su])])ly in the adjoining under- 

* These exj^riments were pvblished tn Bulletin 85 of the Puna Itesearch Inatitulc in 1919. 
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ground reservoir may be adequate. The precise causes of the gradual death of 
overworked wells in the trap area is a matter which urgently calls for detailed 
study. In this work at least three sciences —physics, chemistry and geology — 
can be utilized. Once the scientific principles of the subject have been fully 
worked out it will not bo difficult to formulate a se^- of simple rules for the correct 
use of wells on these soils and thus safeguard the capital involved in their 
conptruction. 

Soil colloids are also likely to ])rove an important factor in the study of diseases 
of cotton on black soils. It is suggested that such problems as cotton wilt, the 
attacks of parasites like the various boll worms as well as the shedding of bolls 
should include the consideration of adverse soil factors such as the excessive develop- 
ment of soil colloids as well as the root-development of the croj) and the zones of 
root activity during the whole period of growth. 

Once the development of colloids can be controlled the door will be open to a 
number of further improvements such as the increase in the nitrogen supply by 
fixation from the atmosjdiere and by the addition to tlie soil of various forms of 
nitrifiable organic matter. 

Simultaneously with the study ol soil conditions the ty])e of cotton grown also 
needs investigatiqjl. Sotne ])ortions of the black soil tracts ure very suitable for the 
growth of indigenous types of good staple like Mulvi and Bani. the cultivation of 
which has fallen off considerably of late years. 'Ihe chief i)lant breeding problem 
at the moment is to restore and if [possible to improve these valuable fy])e8. One 
great difficulty, however, has to be overcome. Ihis is the high ginning percentage 
of a short 8ta[)led variety known as Roseum which is raj)idly invading the Malvi 
and Bani tracts. To check tliis and to restore the quality of the fibre it is essential 
to produce more efficient types of Malvi and Bani which can successfully compete 
with Roseum, 
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Imperial Bureaux. 

As I have said, 8i)Ooiiil Imperial Bureaux were set up in London before the 
financial depression, A\hich followed the war, induced the Dominions to halt. So 
far as they have gone, it seems fair to conclude that they jiromise to justify the cost 
of their permanent maintenance and to indicate the desirability of re>considering 
other subjects. We might consider in order those devoted respectively to entomo- 
logy, mycology and minerals. 


Entomology. 

Anyone who has lived in a tropical country will be able to appreciate, as a con- 
sequence of ])ainful jiersonal experience, the importance as well as the magnitude 
of measures intended to stani]) out noxious pests or to encourage friendly insect.?. 
Among the sjiecial branches of science of economic value to an Empire uith large 
possessions within and near the tropical belt, I should regard entomology as per- 
ha])S first in importance. A few illustrations of each sort should be sufficient to 
illustrate the damage as well as the benefactions due to insect?. 

Jt is only because of their want of information about the devastation caused by 
insect? that those reaponsible for the administration of agricultural and horticul- 
tural countries limit their expenditure on entomological services. In America, 
where these services are most develojied, we are able to obtain figures which show 
that the cost of employing entomologists s negligible when compared with the losses 
that might be avoided. The losses in 11^21 due to the cotton boll weevil in the 
United States amounted to some 10 million sterling, and in the same year in Eg}q>t 


* AddmiB to thf- Boyal Hotiety of Artp. Krjirinted from llic Jovr. Hoyul iSoc, «/ Arl/--. Ni . HSOO. 
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the pinh boll-wonn eaimed damage to the rotton orop CRtimated at a total of about 
10 millions. One could niulti])1y exaniples of this rot!.* 

The l>loo(l-8U(Jvmg insecta known as tseisc-^flies have almost depopulated large 
aieas in Africa, and are extending their ravages, some as transmission agents for 
sleeping sickness and others as the (’aiTiers of the deadly diseases of nagana among 
cattle. The epidemic in Uganda some 20 years ago killed off about ten |)er cent, 
of the population ; but the cattle-killing is even more devastating though less spec- 
tacular ; for the j)eople who escap(^ slee])ing siclness are driven out of ^hc country 
for w'ant of the cattle on which they de])end for a living. 

ITie mosquitio, as the host of the malarial j.arasite, is rcs]>onsible directly for 
a large fraction of the UH million deaths annually returned as due to ‘‘ fevers ” in 
India alone, without regard to the amount by which the liv(‘s of many millions 
more are shortened and those of still larger numbers made less efficient and more 
liable to succumb to other diseases. 

On the other hi^nd, insects carefully cultivated may be of immense economic 
value. The ])roduct, for examph^ of the lac insect exported from India annually 
amounts to over 7 million sterling. The silkworm in Japan alone juodiices mate- 
rial of the annual value of over GO millions. 

It is important, too, to consider the magnitude and difficulty of dealing wdth an 
insex't scourge. We s]>(^ak loosely of the tselae fly and the mosquito, but there are 
dozens of distinct species induded under both of these vague names. Most an* 
irritating, many deadly dangerous ; but, in ado])ting curative and preventive 
measures against noxious insects, th(^ entomologist has to dis(‘riminate with pre- 
cision between s])ecies which to the general ])ublic ptass under comprehensive term^^, 
but which in structure, in ha})iis, in usefulness and in destructive activities differ 
as much as a man differs from a monkey. Uven more meticnlous precision is neces- 
sary in encouraging the devehqment of beneficial insects, for in this matter dis 
crimination is necessary not between one s])ecies and another only, l)ut ladween 
varieties and races differing from one another as the greyhound differs from the 
soalyham. And in the class of insects the num})er of distinct species can be described 
only as colossal. Ilie work of identification in entomology has become so volumi- 
nous tJiat several sjiecialists for this work alone arc now ne(*e8sary, and the correct 
identification of s])eci<;s is but a preliminary ste]) in the much larger and more diffi- 
cult problem of studying their life habits and then of ado])ting safe and suitable 
measures for their development or their destruction. Many of the most serious 
instances of widesj)read damage to agriculture have arisen from species which have 
be(‘n accidentally introduced into a new country without their natural parasites, 
so that they have been able to increase to an abnormal extent in their new environ- 

• In the 55th Ann. Hap. Eni. Soc. Ontario for 1924 (pp. 80-46) C. L. Metcalf ostimateR the total 
annual damage done by insects to staple croi-s in America alone at £165,000,000. In spite of the 
commendable development of entomological services in America, it is probably difficult to obtain 
any precise figure, and precision matters little ; for to obtain a contrast between the cost of the ento- 
mologist and that of the insect a few millions either way does not nffect the ratio appreciobly. 
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ment. It required very little imagination to r<^alizo the kind and quantity of work 
necessary to discover and re])air such mistakes. 

If wo estimated the importance of economic (‘ntoTnT>1ogy only by the damage 
done by pests to crojjs, it would be obvious that the cost of any research (»peration8 
so far contemplated by any civilized (Sovornmenf is iiegligibh^. But the damage 
done t-o (ailtivat(^d crops is not the only or even tlu' greatesi; economic loss due to 
insects which prey on th(^ foresis, on wiki plants of \ aluc and on all animals, iindud 
ing man, both by direct attack and as carriers of disease*. 

Most civilized countries employ entomologists to sojrie extemt, but 1 am con- 
cerned just now only with the kind of machinery devised for co7T(dating activities 
through the Km pine Tln^ Imperial Buniaii of Kntomology at South Kensington 
was the only oik*, of its kind that was brought into being before the Great War. It 
arose from the Entoinological lh;search (Vmimitteo vvhidi was foiindivi in 1909 to 
stimulate investigation in conn<‘c1ion with the injurious insc<ds of Tro]»ic«al Africa, 
es})ecia]ly tliose that transmit disease. In 1913 it, uais decided to extend the or- 
ganization to <leal with economic entomology throughout the Etii]>ire, aitd it is 
now supported linam ially by annual (ontributions from 15 (ioveminents of the 
Dominions and (>>louies, in addition to £ldKH) from lh(^ Im]>crial Govermnent, 
giving it a total rcvtaiut) of £1 L80(k ITk*, extetit to which this Bureau is used by 
oflicial Kntomologists in the Dominions and Golonies is shown Bufliciently by taking 
one only among its many activities, namely, the ideiitilication of insects, whidi re- 
(juires comparative work in a comp?*diensiv(^ collection like that of the. Natural 
History Museum. During the past, li\e years an annual average of fitkbttO insects 
hav(^ been «*.\a, mined by th<^ stall of the Bureau. 

The other activities of the Bureau inclmh^ the proilmiion of a, fb}view of A]>})li(-j<l 
Kntomology, in whicli during the past five years abstracts of articles to the num]>or 
of 2,309 annually have been issiUMl for the benefit of indepemlent and isolated 
workiU’H who have not, naturally, access to niore than a fraction of the 1.200 
periodicals in whi<‘h the articles appeared in various languages. vAnothcr obviously 
useful function of tJie Bureau is the distribution U> universities, hospitals and Gov- 
ernment institutions of icleiititled R}>eeimens of species known to be of economic 
imiiortance. In all alxmt 27,300 insects wnre thus distributed betwaxm 1920 and 
1925. One of th(^ most reemt activities of the Bureau is the distribution to various 
parts of the Empire of parasites likely to be destructive to insect pests. The im- 
portance of this work must be obvious to everyone ; tlu^ difTiculties and dangers that 
attend it are fully appreciated only by the biologist. 

One can form an imperfect appreciation of the kind ol iirganization required for 
wnrk of this kind, organization and administrative capacity at the head, tactful 
tactics in curtailing its sphere of influence over those who are jealous, often properly 
so, of their own state establishments, and conscientious devotion to work invol- 
ving a mass of mechanical, often dull, roiitine which can only be of real value if 
carried on with meticulous precision and rigid faithfulness. To Dr. Guy Marshall 
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and his faithful colleagues the Ein})iTo owes a real debt, and the best way to pay 
tlie debt is to increase their work, lliat the work of the Bureau is appreciated is 
shown by the number of Governments that su])port it. That the degree of appre- 
(uation varies is shown by the range of annual contributions from £25 to £1 ,<100, 
but in no case does the funount devoted to this objec‘t form an appreciable fraction 
of the direct financial importanc'e of economic entomology. There is room still 
for (‘xpansion in various directions, without fear of overlapping those activities 
that can be most elliciently j)erformed locally. 

I have dealt with ent( mf)logy at some length, because to most people insects 
are familiar as friends and foes, and no subject could better illustrate the importance 
of co-operation between workers in different parts of an Empire covering such a 
large share of the tro])ical zone. But it is only because of our ignorance of damage 
done by ohl.er forms of life that we fail to recc gnize equally the impoitancn of similar 
action in other branches of biological control. 


Mycology. 

Mycology is a subject that possibly comes next to entomology in the width 
and intensity of its bearing on the raw materials of an Empire largely dependent 
on vegetable products, whether cultivated in fields or wild in forests. Diseases of 
phints caused by fungi form losses of unkno'vvTi, but certainly great, dimensions in 
the temperate as well as m the tro]ucal zones, and jfiants are not the only victims 
of parasitic fungi. 

There are nearly 100 official mycologists in overseas ])art8 of the Empire, most 
of them attached to Government Departments of Agriculture. Generally they 
have excellent laboratories and research stations, but this development of science 
accessory to agriculture and forestry is relatively young and these workers conse- 
quently have limited o])portunities for actress to authentic specimens of parasites, 
with insufficient literature recording the results obtained elsewhere. The necessity 
for co-operation is obvious, and fortunately as the result of discussion at the Im]>erial 
War Conference in 1918, the Colonial Office was enabled to initiate proposals for the 
formation of an Imperial Bureau of Mycology on lines similar to those which had 
proved already to be successful for entomology. The originators of the scheme 
were fortunate in finding tlie right type of specialist ready and able to organize the 
work ; for Dr. E. J. Butler, as a successful “ plant doctor in India and Malaya, 
had acquired the necessary experience for visualising the difficulties which isolated 
plant pathologists had to face ; he was relieved of official duties by his Government 
to commence the work of Director of the new organization in 1920. 

The Burc^au of Mycology is financed by contributions from the Dominions, 
Colonies and Protectorates amounting annually to £6,5(X), no grant being made by 
the Home Department. The programme which the Bureau aims to fulfil includes 
the work of identifying injurious fungi and diseases referred by workers in over- 
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seas parts of tlie Empire, in addition to the dissemination of information through 
its Monthly Review ; hut for want of trained workers it has not been possible so 
far to undertake all that is desirable and would obviously be useful in helj)ing tn- 
vestigatx)rs with identification jirobleins that are refractory or insoluble in areas far 
away from authoiiiat-ivc reh'renco collections. 

Thus the (diief work done by the Bureau during ihe first five years of its existem^e 
has been that of a clearing liouse r)f information for tlu^ benefit of overseas workers. 
The current volume of tlu^ Rmrw of Mt^coloffy contains sonu^ 1 ,500 abstracts from 
4e50 pericKlicals publifdu'xl in various languages, and the regular issue of this monthly 
Revmv has formed the main function of the Bureau so far. But information in other 
ways is supplied to working {-pccia lists, copies of papers and niprints of summaries 
are lent- freely, and overseas (Jovernments are ke])t in touch with the progi^ess of 
legi^■]afion intended to assist in the su]»| session of plant diseases. 

The develo])ment of the information part of the Bureau has paved the way 
conveniently for more direct assistance in the essential work of identifying obscure 
and little known parasites ; for the work wliich has been done in recent yearn on 
areas ])r( 3 viou 8 ly unt-ouclied now forms a substantial foundation for advance. 

For the immediate purjiosos of our jucsent discussion the hmit set by the Bureau 
on its own functions is as important as the outline of what it actually undeitakes. 
It definitely avoids researcli as such cm plant diseases, for the Director reahzes, from 
his own field ex])criencc, (hat this can be done effectually only by local workers, 
either in Britain or overseas. The entliusiasm of scientific workers incurs the con- 
stant temptation t-o go lievond their last, with the consequent liability of trespass. 

The work dona l»y central institutions like the Bureaux of Mycology and En- 
tomology is available to more than official workers in the overseas jiarts of the Em- 
igre. The more enlightened asso< iations connected with the ]>lanting industries 
know their ])racti(‘al worth, such, for examples, as the Indian Tea. Association, the 
Riiblier Growcus’ Association «‘iiid the Golonial Sugar Refining ('omi>any of Australia. 


Minerals. 

Another bye-product of war enthusiasm was the Bureau designed to assist the 
mineral development of the Empire. It arose from the resolutions of the Imperial 
War Congress in 1917, and was gianted its charter on the 12th June, 1919, having 
for its main functions (1) collecting statistics of mineral production, exports and 
imports, both for the Em})ire and foreign countries, for it was considered important 
to know the possibilities of the latter as competitors and customers ; (2) accumulat- 
ing information as to the occurrences of minerals and the uses to which they could be 
put ; (3) disseminating this information to all who wmuld profit by it ; (4) collecting 
and publishing details of the mining laws and regulations in force in different parts 
of the Empire, and advising the Governments in the enactment or amendment of 
such laws and r^ulations ; (6) promoting co-operation between firms interested in 
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mining and metallurgy, and between them and research wx>rkers in the universi- 
ties and public institutions as well as w ith overseas Governments. 

In the early days of the Bureau it was financed by the British Government, 
but from 1920 onwards it w as to hi) su])ported jointly by the United Kingdom, the 
Dominions, India and the Colonies. In that year £10,000 was supplied by the first- 
named, and about £9,d00 by the remainder. In addition £1,000 was ])aid by the 
National Federation of Iron and Steel Manufacturers for a special imblication on 
iron-ores. That year represented the h gh-water mark of the finance of the Bureau. 
In the face of the commercial Jcfuession wdddi followed and the rival claims of the 
lm])erial Institute, the Dominions and (blonies reduced their contributions, 
whilst the British Government limited theirs to the total received from the other 
Governments, so that the income of the Bureau was ultiiuately reduced to little more 
than £10, 000. 

After being threatened w ith extermination it was amalgamated last July with 
the reconstituted lm])erial Institutes in the hoy)e that thereby some unnecessary 
overlap] *ing of eficut might be f>revented and money might be Siivcd. 


Trades' IIesearcti Assootatjons. 

The Trades' Tiosearcli Associations are su])[)orted by firms engaged in certain 
technical industries, sucli jis tjie textile industries, rubber and tyr<^ manufacture, 
cocoa and (‘onfcM tioncu y, iiou-ferrous metals, nJrac tories and electrical indust-ries. 
Altogether 25 of these liave l>cen launched and all but two an^ still active. To 
the general student of afi’airs organizations of this sort, must always bo of int-erest, 
es])e( ially in a countiy whei c^ there has been a tendency for compet ing tiims to guard 
from th(^ public and from one another, tlirough shyness or the su|>]>osed commcuc ial 
advantages of their s[)ecial methods, the intimate and domestic details of their 
oj)erations. 

Some detached and disinterested i)reci])itant, as a chemist would say, was 
rccjuired to bring com])(^titors into active co-o]>eration ; for evidently even re<‘og- 
nized improvements must sometimes be of doubtful value when their adoption 
necessitates the scra]>])ing of capital alteady invested in ];>lant and machinory 
suitable for established metbods. Although the firms individually could not under- 
take the research work necessary for definite advances in manufacture, a scheme 
that tl Tcatened to cut across the marked individuality of British manufacturers 
was naturally regarded at first with caution and occasionally with suspicion. The 
initiation was thus taken by the new Department of Scientific and Industrial Re- 
search. 

In practically every case the scientific verdict on the work leaves no room for 
doubt as to the potential value of Research Associations to the industries with 
which they are associated. But while the industries for the most part are ready 
enough to adofit in the abstract the need for and value of scientific research into 
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their processes and methods of manufacture, they almost without exoe])tion plead 
that they cannot afford, in the present bad state of trade, to raise unaided the funds 
necessary to establish their Hesearch Associations on a stable foundation. Yet, 
in comparison with the value of the trade in which tlu^ industries are engaged, the 
sums required for the continuance of the work of existing Research Associations are 
astonishingly small. A few examples will make this ch‘ar. 

The British Cotton Rescarcli Association spends al)out £15,000 a year on its 
work, wliilst the annual value of the raw cotton im])orted and retained for manu- 
facture is between 50 and 60 million sterling. Tn other words, another farthing 
added to ev<^ry ])ound sterling paid for their raw mat(u-ial r(‘presents the cost to 
the manufacturers of investigations recognized by them as comitienually valuable. 
Similarly, a ])enny added to every ])ound paid for im])ortcd wool and a halfq)enny 
to every pound’s worth of rubber re]>reserit the amounts res})e(;tive]y spent by the 
two corresponding associations. Neither the Covernment nor the manufacturers 
have hitherto fidly appreciated the fact that so fa.r as production (iosts are con- 
cernod, the maintenance of research wmrkers is still a negligible itcmi. Tt is interest- 
ing therefore to see a Commit<.e,e of the Privy Council finding it (‘u,sy to justify 
its existence. In their last report just issued one finds them referring to the fact 
that it is intended this year to spend £40 million on the enaction of small houses 
to meet some of the recognized shortage, and onc^ finds from the returns of the Ad- 
visory Council, given in an ap]>endix to the same rejiort, that, they have spent 
£11,940 on Iniilding ri^search during the ])ast year : that is to say, for a third of a 
farthing added to eae,h pound syient on the snudl houses alone, information is 
being ohtained wliicli will ensure that the money is better spent. Tliree years 
ago an Act was ])assed to raise funds to provide better amenities for coal- luiuers. 
The levy of one jienny a ton on coal raised produces a million sterling aiimially. 
What Would our t<'chTiica.l industries b<^ lik<‘ if we had sj^eut. a million a. year on in- 
dustrial resfiarch from the commencement of the new (umtury ? 


Rivipire Cotton CRowrNO Corporation. 

The Knqiin', Cotton Crowing Cor])oration, which received its charter in 1920, 
might be regarded as a 8U'|)er Research Association. The formation of this body 
d<^serves more than a passing mention ; for whilst its scope is analogous to that of 
the various Trade Research Associations, it is on an (ixceptionally large scale, cover- 
ing activities in all parts of the Empire. Tlius, the Corporation differs from tlie 
other Research Associations in being imperial rather than mendy, or mainly, 
national. It has unusual powers in its relations to the manufacturing industry, 
wliich, because of its size and financial value, is conspicuous in its national impor- 
tance. 

Before the War the value of cotton goods exported amounted to £127 millions 
out of a total of £411 millions for manufactured goods of all sorts ; and tliese figures 
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only partially express the value of the industry ; for one-eighth only of the raw 
cotton imported went out again in the form of manufactured articles. The capital 
invested in tJui industry amounts to some £500 million and the whole of it depends 
for its existence on raw material obtained from outside, mainly foreign soujces. 

When it is realized that cotton growing countries are rapidly extending their 
own mill capacity, and have the ])ower to assist their industries by restricting 
the exj)ort of the essential raw materials the danger of relying on foreign sources 
for it becomes obvious, even alarming. The effect of the American Civil War should 
have been a sufficient warning of the risks to which tlie industry is exposed, but 
subsequent prosperity with a gradually rising curve to represent output and value 
effectually lulled all fears till the Great War came and stirred our cotton magnates 
afresh. Iho financial stresses which followed the war reinforced the conclusions 
of the Birchenough Committee ; for the price of American cotton showed no sign 
of adjusting itself to the reduced purchasing powder of Europe. The outturn of 
the cotton fields bdl off for various accessory reasons, whilst mills in the United 
States increased their demand for the raw material, and even indicated the'possi- 
bility of America itself becoming a serious competitor for outside supplies, including 
the fine Egyj^tian varieties. 

To the commercial enterprise and mechanical skill of the people of Lancashire 
we were originally inde}>ted for turning to account certain natural advantages of 
their country in climate and fuel supplies. To the public spirit and co-operative 
disposition of their leaders also w^e are now indebted for this new' and remarkable 
effort to make the Empire self-contained and independent of outside sources. It 
is true that the great effort now feeing made by this Corjmration would not be possible 
without State aid, financial and legislative ; it is nevertheless the direct product 
of Lancashire enterprise, for the (Corporation is the lineal descjendent of the British 
Cotton (xrowing Association which was formed in 1902. The powers and resources 
of the Association, however, did not j)ermit its influence to be felt much beyond 
the African fields, and something wider was wanted — an association with resources 
sufficient to combine tin', agricultural with the manufacturing problems, and suffi- 
cient to afford to wait many years for the results necessary to ensure stability for 
the irubistry. 

The new Corporation derives its income partly from a capitiil contribution of 
nearly a million granted by Government and partly from a levy of sixpence per 
standard bale on all cotton i)urcha8ed by spinners in this country. Tffiis levy, 
in accordance with the wishes of the trade, has been made obligatory on all spinners 
by an Act of Parliament which received Koyal Ass<mt in July 1923. 

Th<? progress of the (k)rporation can be estimated by the reports and papers 
which are issued (puirterly in the Empiir Cotton Growing Uevuw, which began 
in January 1921. From this it will be seen that, in addition to the staff at Mill- 
bank House, which is the headquarters, there are various specialists in South Africa 
Rhodesia, Swaziland, Nyasaland, Sudan, Cganda, Queensland and the West Indies, 
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The Corporation is in touch with the official agricultural services in India, the 
Dominions and Colonies ; it finances research work at Caiu bridge, Manchester, 
Kothamsted and the Imjierial College ; it is developing a scheme of training post- 
graduate students to recruit its overseas staff and its latest enterprise is the es- 
tablishment of a central research station in Trinidad for the [)urpose of investigating 
the cotton plant in all phases of its growth and under conditions rigorously con- 
trolled. 

The only comment that I feel safe in making on this remarkable enterprise is 
that Lancashire does not intend, and is not likely to be forced, to give way to com- 
petitors elsewhere ; and if it ever changes its religion on liscal questions it will have 
merited protection by showing a readiness to fight on fair trade lines without arti- 
ficial help. 


Indian Cotton Committee. 

It is necessary to mention that the Corpoiation here has been closely followed 
by a similar organization, but with a more limited range of action, in India. Follow- 
ing the investigations of a Special (Jommittee which reported early in 1919, the 
Indian Central Cotton Committee was constituted by resolution of Covernment on 
the 31st March 1921, and it^ efforts have been su]>ported by subsequent legislation. 
The Cotton Cess Act, which was passed in February 1922, gives the Committee the 
benefit for the first three years ol lour pence on <ivery bahi of cotton consumed in 
Indian mills or exported, and two pence pm; bale tlnu'ealter. The Committee, 
with an assured income on a large scale., is planning research work in agriculture 
as well as in manufacturing problems, and its efforts will be supplemented by the 
Cotton Transport Act of 1923, which is intended to limit the evils due to mixing of 
good and less valuable strains in the course of cross-country traffic. 

Dominions. 

I have already referred to the fact that, after the institution of the Depart- 
ment of Scientific and Industrial Research in this country, corresponding organiza- 
tions were set up in the Dominions and India. With the close of the war these 
underwent changes in constitution and functions which are worth careful study. 

The idea originated in Australia and, although arrangements were devised to 
meet demands made on the Commonwealth during the war, the Australian National 
Research Council began its first session in August 1921. The Commonwealth 
Institute of Scieuce and Industry had been, however, organized a year before, 
and its constitution was adopted by an Act passed in September 1920. The Act 
lays down that the Director shall, as far as possible, co-operate with the existing 
State organizations in the co-ordination of scientific investigation, with a view to 
the prevention of unnecesaaiy overlapping and the utilization of facilities and staffs 
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available in the States. Towers are given for arrangeniejitB to be nmde for co- 
operation with State Governinent L)e})arfiiients, universities, technical schools, 
educational authorities, and scitintific* societies, not only as regards the conduct 
of actual research, but also with a vi(5W to advancing the teaching of science, the 
training of investigators in i)ure and applied science and of technical experts and 
the training and education of craftsmen and skilled artisans. 

The progress of the Institute has been restricted for want of funds. The total 
vote in 1922-23 was £20,907 ; but on the 30th May 1926 the Prime Minister called 
a conference to discuss the future, and a scheme for expansion was adopted in- 
volving an estimated annual expenditure of £100,000. The provincial })atriotiBm 
in Australia, which persists as a consequence of the original settlement in inde- 
pendent and well separated States, makes co-operative action slow, but is an insurance 
against over-centralization. The operations of the Commonwealth Institute are 
not likely therefore to displace the research work being conducted in the univer- 
sities and other State institutions. 

In Canada the Honorary Advisory Council for Scientific and Industrial Kesearch 
was formally constituted by an Act which was passed in August 1917. Subsequent 
annual reports show that the Council considered it (essential that a JMaticmal Re- 
search Institute should be built to supjdement its work of assisting research in 
various cstablisJied institutions. On the 19th July 192*1 fuller ])owers were grank‘-d 
by an Act of Parliament which declared that “ the duties of the (k)un(‘jl sliall in- 
clude the charge of all matters allecting science and industrial research in t-anada 
which may be assigned to it, and also the duty of advising the Commitkic of the 
Privy Council on Scientific aiid Industrial Research on questions of sciontilic and 
technological methods affecting the ex])an8ion of Canadian industries or the utiliza- 
tion of the natural resources of Canada.” 

In South Africa the Industries Advisory Board was established on the 2iKi May, 
1917, and arrangements wore made to ensure co-operation with the adjoining South 
African Protectorates and Rhodc.sia. The duties of the Board were transfernid to 
the Department of Mines and Industries in 1923, and the functions of this Dc- 
|)artment now resemble tliosc of tJic Research Department in this country in provi- 
ding for co-ordination within tlie Union and co-oj)eration with institutions overseas. 

The Department of Ijidustries and Commerce in New Zealand undertook in 
1917 similar functions, necessarily on a smaller scale, for the Dominion. 

So far as administrative machinery goes, it is obvious that all the Dominions 
have systematically reviewed the various facilities and necessities for research ; 
the machinery has also been adopted to suit the special conditions of each country. 
The only feature on whicli one feels tempted to comment is that arising out of the 
Canadian proposal to build a special Institute for the Dominion. In this country 
the Research Department confines its executive action to the direct control of spe- 
cialized institutions, such, for example, as the National Physical Laboratory, the 
Fuel Research Board, the Building Research Station at Actom and the Geological 
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Survey, wliicli last, as a strange Britiali tradition, has always lortunately been 
treated as a separate national institution in eacjh Dominion except Australia, 
liven these are controlled by Boards so constituted ol scientific men that j>arts of 
the work and related restarches already carried on in independent institutions 
are intelligently su])ported. 

There is an obvious danger in the activities of central, compound, or general 
institutes of research. Research workers have always more ide^s in their heads 
than they can readily develop and complete in practice. They always hope to find 
time to work out problems for which they feel an inspiration, and they naturally 
hesitate to pass them on to others. This influence of normal human nature is 
relatively harmless in a specialized institute ; for when a deferred problem is tackled, 
it is worked out thoroughly. But the temptotion to reserve a “ claim ” is stronger 
in a general institut<5, and its resultant dangers are more serious ; for its governing 
body represents ordinarily the financial interests which support the institute, instead 
of being composed of critical specialists. This, I think, has been the disadvantage 
under which the Iiuj)erial Institute has sullered. The most useful service that a 
general institute of th(5 sort can perform is to pass on problems to s])eciali8ts, putting 
the enijuirer and the scientific worker into direct touch, contenting itsidf by be- 
coming a cleaj'ing iiouscj for information, especially in the direction of knowing 
wlio’s wlio and what each is doijig in the scientific and industrial world. Tij(‘ success 
of the L)e]Mrtment of Scientilic and Industrial Research has been due to a faithful 
recognition of tJiis jjriiiciple, and its perjietual obstnvance from the start was en- 
sured by the creation of the Advisory (k)uncil in 11115. 


Inoia. 

India, which was ])rovided with a suitable admijiisiraiiv(‘. organization before 
the war and whilst it lasted, is tlie one cons]>icuou8 examph*. of subsequent disin- 
tegration. In India the, neeesuty of co-ordiuaiing oftioial activities in scientific 
resciirch was recogniz(^d by Sir Deuzil Ibbetson as long ago as 11)03, when a Board 
of the principal oflicers of the, scientific departments was formed. One of them was 
appoinued as Secretary, and fortunately, it was the distinguished botanist on wliom 
His Royal Highness conferrcnl tlio Albert Medal last July and who is present to- 
night to accept our recognition of his Birdwood Memorial Lecture. 

Following the expansion of scientific services devoted to the investigation of raw 
materials, the Government of India in 1910 appointed a Commission to advise on 
measures necessary for developing the manufacturing industries and the Commis- 
sion recommeridod large increases of the scientific services based on an extension of 
technological education, witli a scheme for the co-ordination of private as well as 
ollicial work, both imperial and provincial. Soon after the Commission reported^ 
the Government of India Act of 1919 came into force, and, with it, the failure to 
recognize the fundamental distinction between advisory and executive functions. 
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Evidently, in advisory work the requisite degree of thoroughness can be obtained 
only by employing specialists, and thes^^ cannot be maintained in sufficient variety 
by each of the nine provinces, with their ju-oblems of unlike nature. For executive 
functions, promptness and a familiarity with the peculiar local conditions are the 
dominating requisites. The jjolicy of provincialising industrial research of all 
sorts has, however, been adopted without discrimination, and most of the propo- 
sals of the Industrial Commission must accordingly remain fruitless, until India 
discovers that no modern country can face the commercial competition of peace 
time, or defend itself in war by merely repimting maxims of political theory. India 
is now being doped with fiscal protection instead of being prepared by industrial 
training to dcivelop its own natural resources in a healthy way. If the present 
course is followed, India will become still more dependent on outside sources for 
manufactured articles, which naturally arc continually changing in form and im 
creasing in variety for civil as well as for military activities. 

The country will be forced to go outside for its requirements in some forms of 
food, as it is doing already on a large scale for sugar. Natural indigo, exported 
in large quantities, has already been displaced by the chemical product of Euro- 
pean science. What science has done in Europe it should be able to do still better 
in a country with natural climatic advantages, hut not by [)rocesses which are 
translated unmodified from other countries. Im])Tovemeiits in agriculture and 
processes of manufacture must be based on research in India itself imder Indian 
conditions, not on reports made on samples sent to the Im])erial Institute. Un- 
less rcs('arch workers are specialists they are dangerous, and the requisite number 
and variety of specialists, with their equipment, can be maintained only by the 
co-operation of all provinces. Recent movements in India have been in the opposite 
direction, and the result must necossarily be a loss of natural economic advantages ; 
so far as raw materials are concerned, the place hitherto occujned by India will be 
usurjied by Central Africa, and for manufactured goods she will become more and 
more dependent on Japan, Europe and America. In industrial problems, India 
is not now being heliicd to work out her own salvation, but is being allowed to pre- 
pare for an entirely diiierent destiny. 

United States. 

In 8}>it0 of the length of this address, the omission to mention many movements 
and institutions must be obvious to everyone who has been conversant with the 
developments of recent years. To resist the temptation to follow up many side 
issues has been very difficult, but I may be pardoned if I refer very briefly in con- 
clusion to what is being done in America ; it shows how mo<lest is our scale of oi>era- 
tions even now. 

The National Research Council in the United States is entirely a co-ordination 
agency, and its financial resources are devoted mainly to the maintenance of iiM 
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own administrative machinery. During 1921-22 the Council estimat'd that the 
equivalent of about £6,000,0(K) was 8p(nt on research in applied science, about 
one-third of the money being obtained from the National and State Governments. 
The area affected is of course more compact and imiform than the British Empire, 
but the degree of authority and activity of each of the States justifies some regard 
being paid to the relative amounts which are devoted to the work. 

The data of most instructive value are those relating to the specialized Bureaux 
at Washington, for they a]iproximately correspond to the ideal set out originally 
for the Imperial Bureaux that we have established in lA)ndon. Under the Depart- 
ment of Agriculture there are seven Bureaux of the ?ort, and for purposes of com- 
parison, or rather contrast, we might take that devoted to Entomology for which 
this year the equivalent of just half-a-million sterling has been voted, against our 
£12,0(K). The exjjenditure of Washington does not include the sums spent by the 
individual States, some of which maintain services comparable in size to those of 
our Dominions, The Bureau of Entomology is l)y no nutans the largest ; but we 
need not consider the others as our Treasury officials would blush ; nor should we 
comment on where the money comes from or our friends at Washington might 
do more than blush. 


(Conclusion. 

I think our members will agree that at last we have completed in skeleton form 
at least, a scheme for a systematic organization, which, if developed faithfully, 
will be suitable for imperial as well as for national needs. The course of evolution 
has been slow snd has been accompanied by many side st^ ps ; indeed, has been 
ty])ically British. The organism has now^ acquired the essential structure of its 
species, but we have yet to shed, or, I hope, to absorb and more fully utibze, such 
vestigial orgiins, for example, as the Imperial Institute, that have served an orna- 
mental and, in their own times, a useful pur]) 08 e, in sj)ite of the fact that like all 
such superseded vestiges, they have caused some inconvenience to the general 
body. We have in this country now laid substantial foimdations in the Department 
of Scientific and Industrial llesearch, and w^e have made plana for an Imperial super- 
structure, but the plans of a house, no matter how well drawn, offer insufficient 
shelter for the householder ; there is still much to bo done by way of building and 
still more by way of furnishing, all of which requires money and building materials 
in the form of research workers, which our imiversities, if adequately supported, 
should be able to supply. 


H 



NOTES 


CALCIUM CYANAMIDE 

The problem of finding officiemt and inexpensive fertilizers^ whstiier organic 
or morganic, is one that is ever engaging the attention of the Departments of Agri • 
culture, the tea and coffee jilanting industri*v% as well as everyone interested in 
agriculture, whether directly or indirectly, throughout the length and breadtli 
of India. It will therefore be of interest to all who are concerned in tlu) agricuh 
tural future of this coimtry to know that this very valuable nitrogenous fertilizer, 
calcium cyaiianiide (CaCN 2 ), is now available in India almost everywhere whore 
fertilizers are sold. 

It may seem sujjerfluous perhaps to say here that the nitrogen in calcium cya- 
naniide is derived from the air by the process commonly known us nit ogen 
fixation ” and that it is not a by-product of any existing industry. Therofon^, 
wilh 30,00() tons of nitrogen in the air over every acre of sea and land throughout 
the globe, the supply may be said to be inexhaustible. 

Hitherto, the use of calcium cyanamide in India lias been confined almost, 
exclusively to the tea and (offee planting industries, where it is better known ])er- 
haps by tlie name of “ Nitrolim,” the trade name of tlio cyanamicle prixlucecl by 
a well loiowm Sw^edish plant. Last year, how^ever, certain commercial arrango- 
monts were made in London whereby the surplus out)>ut of every ).>rodu(.'hig plant 
in Europe became generally available to the British Isles, the whole of Eiirojie and 
every country in the East. 

Certain important advantages have arisen out of those i ommercial arrange,- 
ments which may be briefly enumerated as follow^s 

(1) The price has been greatly reduced and stabilized. 

(2) The percentage of nitrogen has been brounlit up to a uniformly liigb 

standard. 

(3) Some important im[)rovements have been made in its general cotujKisi- 

tion. 

Examining these three ])oiiits in de/ail 

(1) (Jalcium cyanamide can be bought to-day in Calcutta, Madras or Bombay 
(w, Rs. 187 per ton of 2,2(X) lb. (1,0()0 kilos). This price is a striking 
comparison to those obtaining a few years ago when it is believed 
that as much as Ks. 2D0 was being quoted for calcium cyanamide in 
Calcutta. 
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(2) The nitrogen in cyanamide ie now of a uniform 19 y)er cent, standard. 

Thus @ Rs. 187 per ton, the unit of nitrogen costs Ks. 9-13-0. This 
price, combined with its other valuable j)roperties, notably that of 
iiiiproving the tilth of the soil, makes cyanamide of ])ecu]iar interest 
in India ; for, generally s])eaking, it is im])rov<unent in physical condi- 
tion wliich is so badly needed in most soils hi India. 

(3) The most im[)ortant improvement in its manufarture is the addition of 

the requisite amount of mineral oil, whe.reby the former rather dusty 
nature of cyanamide has been overcome, rendering it as easy to use 
as any other finely ground material. 

Up to this year comparatively few exj^eriments Iia\ e been conduct(Hl with cyana- 
mide in India. Here and there isolated trials have becui carried out, but, probably 
owing to the fac t that it was not generally on the markcit and that the European 
sources of supply were not easy of access, there has been no great incentive to put 
* cyanamide to exhaustive tests. 

The very valuable ex])eriments and rcisearchcis which ha\'(‘ bcum pursued ccm- 
linuously over the ])ast seven or eiglit years by the Madras Agricultural Depart- 
nient, must not be lost sight of. The results of this niportaiit Wf)rk ucue made 
known in a [>a])er wliich was read at the Indi n He ( no ' ('( ngr^ ss in Jamiary 1923 
|jy Dr. Roland Norris who, in conjimction with Mr. ^'is^vanath, had carried out 
this research work at Coimbatore. This ]>af)er is piiblislied as a Memoir of th<> 
Department of Agriculturci in India entitled The Dcicomposition of Calcium 
C^yanamidc^ in South Indian Soils.” The conclusions to which Dr. Roland Norris 
came are of much interest. 

Now that calcium cyanamide is ge}ie’ally available' in India at an economical 
price, the position as regards its possible usefulness as a form of addt‘d nitrogen 
i s entirel}^ difihremt. The Madras Agricultural Depaitment are continuing their 
work wit!) cyanamide this year, and a series of cxperimcuits will be conducted at 
Pusa and by the Agricultural Departments of every [)r()vince in India, in connec 
tion with those crops in wliich they are severally interested. Trials are be ng madci 
too by })rivat(i individuals in Assam, South India, Bihar and n the Punjab. The? 
results of all these exjeTiments and trials will be of considerable interest. 

Generally s])eaking as regards India, the tinier is yet remote vvlun chemical 
fertilizers will be used univorsally all over her millions of acres of cultivation. Much 
work has ycjt to be done in the direction of improved mc'tliods of cultivation before? 
thf3 lands in many ])laccs are fit for the use of norganic fertilizcus. The Depart- 
ments of Agriculture are making steady progress in this direction, and when the 
cliaractcn* of the Indian cultivating classes as a whole is taken into consideration, 
the wx>rk wliich has beem achieved in the? past 2d years is little short of marvellous. 

There are, howover, to-day many hundreds of thousands of acres where the addi- 
tion of an inorganic fertilizer, suited to the particular croj) and soil, is undoul tedly 
a very profitable proposition to the ryot, and he has not been slow to see this in 

H 2 
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certain districts, where its application has become a certain and steady addition to 
his income. 

It may therefore be left safely to the Departments of Agriculture concerned, 
who have the full confidence of the ryots, to demonstrate to them the advantage 
of the use of such a manure as cyanamide, wherever they find that it will be of 
distinct benf^fit to the grower of the crop concern^ to apply it. [R. G. Munn.] 

DESTRUCTIVE INSECI^AND PESTS ACT. 

Inexerciseof the powers conferred by sub-section (1) of section 3 of the Destruc- 
tive Insects and Pests Act, 1914 (II of 1914), the Governor General in Council is 
please! to direct that the following further amendments shall be made in the rules 
published with the notification of the Government of India in the Department of 
Revenue and Agriculture, No. 580-240, dated the 26th June, 1922, as amended by 
Notification No. 1062-240, dated the 18th December, 1922, and the schedule 
appended thereto, namely : — 

1. In the proviso to rule 4 of the said Rules for the words immunity from 

disease ’’ the words ‘‘ freedom from disease ” shall be substituted. 

2. In column I of the schedule for the figures 4 (ii),^' the figure and letter 

4 (6) ” shall be substituted. 

3. In columns 2 and 3 of that part of the schedule relating to certificates 

required by clause (6) of rule 4, after the entry relating to New Zealand 
the following entries shall be inserted, namely : - 
Holland , — The Department of Agriculture. 

Getmany . — The Departments of Agriculture. 

*Ol}ier Countries , — The Ministry or Department of Agriculture of the 
country concerned ; and the following footnote shall be added, with 
reference to the last of these three entries, namely : — 

♦ When a Customs officer receives a oortifioate required by clause (6) of rule 4 from any country not 
specihe:! by name in the part of the schedule which relates to f^uoh certificate, ho shall, after passing 
the consignment, forward the certificate to the Government of India, Education, Tleallh and Landi 
Department, for information. 



Personal Notes, Appointments and Transfers, 
Meetings and Conferences, etc. 


THE ROYAL COMMISSION ON AGRICULTURE IN INDIA. 

The following are the names of the Members of the Royal Commissi ou on Agri- 
culture in India which was announced by His Excellency Lord Reading in the last 
winter session of the Legislative Assembly: — 

Marquess of Linlithgow, Chairman ; Mr. Hubert Calvert ; Professor Nogendra 
Nath Gangulee ; Dr. Lcxihi Karim Hyder ; Mr. Balkrishna Sitaram 
Kamat ; His Excellency Sir Henry Stavely Lawrence ; Sir James 
Mackenna ; Sir Thomas Middleton ; The Hon. Raja Srikrishna Chandra 
Gajapati Narayan Deo of Parlakimedi ; and Rai Bahadur Sir Ganga 
Ram. 

The Commission is generally to examine and report on the present oondi* 
tions of agricultures and rural economy in British India and to make 
riicommendations for the improvement of agriculture and the pro- 
motion of the welfare and prosperity of the rural j>opulation. The 
Commission is particularly to investigate : firstly, the measures now 
being taken for the promotion of agricultural and veterinary research, 
experiment, demonstration and education, for the compilation of agri- 
cultural statistics, for the introduction of new or l)etter crops and for 
improvement in agricultural practice, dairy farming and the breeding 
of stock ; secondly, the existing methods of trans^iort and marketing 
of agricultural produce and stock ; thirdly, the methods by which agri- 
cultural operations arc financed and credit afforded to agriculturists ; 
fourthly, the main factors affecting rural prosperity and ti e welfare of 
the agricultural population. 

It will not be wdthin the scope of the Commission's duties to make recom- 
mendations regarding the existing systems of landownership and tenancy 
or of the assessment of land revenue and irrigation charges, or the 
existing division of funds between the Government of India and 
Local Governments. The Commission shall, however, be at liberty to 
suggest means whereby the activities of the Governments in India may 
best be co-ordinated, and to indicate directions in which the Govern- 
ment of India may usefully supplement the activities of Local 
Governments. 

Mr. F. W. B. Smith of the India OflSce and Mr. Janardan Atmaram Madan, 
I.C.8., will act as Joint Secretaries. 

( ) 



338 AGRICULTURAL JOURNAL OF INDIA [XXI, IT, 

Dk. D. Clouston, M.A., D.Sc., C.I.E., has been placed on apecial duty for six 
months with effect from 3rd May, 1926, as Liaison Officer between the Koyal 
Commission on Agriculture and the Government of India ar.d the Local Govern 
ments. 


Dr. W. H. Harrison, D.Sc., Imperial Agricultural Chemist, and Joint 
Director, Agricultural Research Institute, Pusa, has becui a])])ointed to officiate 
as Agricultural Adviser to the Government of India and Director of the Agricul- 
tural Research Institute, I'usa, vice Dr. Clouston. 


Dr. W. McRae, M.A., D.Sc., F.L.S., Officiating Imperial Mycologist, has been 
ap])ointed to officiate as Joint Director, Agricultmal Research Institute, PuBa, 
vice Dr. Harrison, in addition to his own duties. 


Mr. J. N. Mukhkrjke, B.A., B.Sc., First Assistant to the Im])erial Agricnl 
lural Chemist, has betm appointed to hold cliarge of th(‘ duties of Imperial Agricul- 
tural Chemist, vice Dr. Harrison. 


Dr. F. J. F. Shaw, D.Sc., A.R.C.S., Officiating Irnjierial Economic. Botanist. 
Pusa, was on leave on average pay for one month with effect from 8th May, 
1926. 


Dr. Amar Nath Puri, M.Sc., Ph.D., A.I.C., who has been appointed to the post 
of Pliysical (ffiemist at the Agricultural Research Institute, Pusa, joined duty on 
the forenoon of 3rd May, 1926. 


Mr. W. Smith, Im])erial Dairy Export, has been granted combined leave for 
five months and 18 days with effect from 29th April, 1926, Mr. Z. R. Kothavala, 
B.Ao,, B Sc., N.D.D., officiating. 
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Mr. F. J. Gossip, Superintendent, Imperial Cattle Breeding Farm, Karnal, 
has been appointed to act as Assistant to tho Imperial Dairy Exp(^rt with effect 
from 29th April, 1926, vice Mr Z. R. Kothavala. 


Mr. B. C. Burt, B.Sc., Secretary, I nd an Central Cotton ('<)mmittee, 

Bombay, has been granted 7 months' leHV(‘ on average salary with effect from 
22nd April, 1926, or any subsequent date. 


'Fiie Govermnent of Bombay have ])1aced the services of Mr. W. J. Jenkins, 
M.A., B.S(r, at the disjiosal of Gov(U‘nment of India for on(‘ year for appointment 
as De})uty Secretary, Indian (Vntial (h)tton Committee, Bombay. 


Dr. W. Buums, D.Sc., Pnncijial, Agricultural (College, Poona, has been ap- 
pointed to liold th(‘ tem])orary appointment of Joint Director of Agricailtiire, 
B mhay, for a period ending 11th October, 1927. 


Bao IhAUAUim P. Patil, L.Ag., M.Sc., has been appointed to act as Piin- 
eijial, Agricultural College,, Poona, v/ec Dr. W. Bums. 


Mr. G. B. Patwardhan, B.Sc., has been a]>pointe(l to do duty as Econon ie 
Botanist to the Government of Bombay wJiile remaining outside the Indian AgricuP 
tural Service, iHct Dr. W. Burns. 


Dr. 0. P. Hector, D.Sc., Economic Botanist to the Government of Bengal, 
lias been granted leave on average pay for six months from 1 1th May, 1926. 


Mr. I), p. Johnston, A.R.C.Sc.L, N.D.A., Deputy Director of AgricultiiTe 
Punjab, has been granted leave' on average pay for six months from 28th March, 
1926. M. Charan Singh will remain in charge of the Montgomery Circle during 
lyi r. J ohn'Ston's absence. 
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Mr. D. Milne, B.Sc., Director of Agriculture, Punjab, was on leave on average 
pay for one month from 20th May, 1926. Khan Saheb Maulvi Fateh-ud-din 
carried on the current duties of Director during Mr. M^e’s absence. 


Colonel G. K. Walker, C.I.E., O.B.E., F.R.C.V.S., Principal, Punjab Veteri- 
nary College, has been granted leave from 14th May, 1926, to 19th March, 1927 
(including the College vacation), Mr. W. Taylor, D.V.H., M.R.C.V.S., officiating. 


Dr. H. E. Annett, D.Sc., F.I.C., M.S.E.A.C., Agricultural Chemist, Nagpur, 
has been appointed to officiate as Principal, Agricultural College Nagpur, in addition 
to his own duties, until further orders. 


Mkssks. a. McLean, B.So., H. F. Robertson, B.Sc., R. Watson, N.D.A., 
and F. D. Odell, B.A., Deputy Directors of Agriculture, Buana, have been 
confirmed in the Indian Agricultural Service. 



REVIEW 


Kiulc Shattra : Manual of Entomology (in Marathi) -By V. G. Di shpandb, 
B. Ag. (Bom.) Price A«. 8. 

One of the most encouraging signs of the times in the Bombay Presidency is the 
growth of a scientific literature in the languages of the juovince. Especially in 
Marathi has there been a considerable production of books in recent years. These 
are of moderate price, fairly })opular and therefore easily accessible to the juibUc 
purse and intellect. As examples of those we may mention ; — 

Natural Orders of Plants, by S. L. Vaidya, L.Ag. 

(r) Tirenmt ^ Fruit-gardening, by H. P. Paranjpya, B.A. 

(^) School-gardening, by S. L. Vaidya, L.Ag. 

(g * Arithmetic for Farmers, by K. M. Pa war, B.Ag. 

(t.) tlTTF^IWB Lessons in Agriculture, by K. M. Pawar, B.Ag. 

ii) ITT’^ A .''hort Treatise on Botany, by K. M. Pawar, B.Ag. 

The most recent of these is an excellent little manual on insect life entitled 
VieWi (Kitak Shastra, Manual of Entornology) by Mr. V G. Deshpande, 

B.Ag. (Bora.), Lecturer in Entomology in the College of Agriculture, Poona. It 
is primarily a nature study book, but contains more material than is usually found 
in nature study books so-called, and it is suitable not only for schools but also for 
training colleges or for the growing number of amateur entomologists. The chap- 
ters on agricultural insect jrests and the remerlies for them are sure to be useful 
in villages and in rural education generally. Particailarly worth commendation are 
the numerous illustrations. The author has had the good reuse to stick to good 
clear line drawings and to avoid badly reproduced photographs. The illustra- 
tions are numerous, and one wonders how so many could be managed in a book of 
so moderate a price. It costs only eight annas. 

The author has put much painstaking work into both letter-i)rcs3 and pictures, 
and we feel sure that in the Marathi speaking areas of both the Bombay Presidency 
and the Central Provinces this book will be greatly appreciated. [W . B.] 
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NEW BOOKS 


On Agriculture and Allied Subjects 

1. A Report on the Sugarcane Mosaic Situation in February 1924 at Soledad, Cuba, 

by Edward M. East, and William H. Weston, Jr. (Contribution from the 
Harvard Institute for Tropical Biology and Medicine.) Pp. vi + 52 -f- 9 
plates. (Ldndon : Oxford University Press.) Price, 8s. 6d. net. 

2. A History of Agriculture in Europe and America, by Norman S. B. Gras. Pp. 

472. (London : Sir Isaac Pitman & Sons, Ltd.) Price, 15^'. net. 

3. ITic Physiology of Animal Breeding, with special reference to the Problem of 

Fertility, by F. H. A. Marshall and John Hammond. (British Ministry 
of Agriculture Research Monograph No. 2.) Pj). 45+0 plates. (London : 
Ministry of Agriculture). Price, 2.v. net. 

4. The Management of the Farm, by A Jdewelhyn Moorhouse. Pp. ■+■ 520. 

(New York and London : D. Aj)pleton & Co.). Price ]5.v. net. 

5. Guiding Dairy P.oduce : Milk, (Yearn, Butter, Cheese, by G. Sutherland Thomson 

Pp. viii+134. (London : (Yosby, Lockwood & Son). Price 0.^. net. 

6. Variations in the comj^osition of Milk : A study of the results of Analysis of 

Milk from Ck)ws of various breeds throughout Scotland in 1921-22. Pp. 
195. (London : H. M, Stationery Office). Price, 21.s. not. 

The following publications have been issued by the Imperial Department of 
Agriculture in India since out last issue : — 


Memoirs. 


1. Nutrients required for Milk Production with Indian Foodstuffs, by F. J. Warth, 

M.Sc., Labh Singh, L. Ag,, B.Sc. (Ag,), and S. M. Husain, B.Sc. (Chemical 
Series, Vol. VII 1, No. 9.) Price, As, 14 or Is. Gd. 

2. Silage Experiments at Nagpur, by Harold E. Annett, D.Sc., F.LC., M.S.E.A.C., 

and A. R. Padmanabha Aiyer, B.A. (Chemical Scries, Vol. VIII, No. 10.) 
Priw^., As. 10 or Ls. 

3. Experiments on the Transmission of Rinderpest by means (i Ins cts, by S. K, 

Sen, B.Sc., F.E.S, (Entomological Series, Vol. IX, No. 5.) Price, Rs. 2-4 or 
4.S‘. 2r/. 
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ORIGINAL ARTICLES 


THE AGRICULTURAL DEVELOPMENT OF THE CANAL 
TRACTS OF THE BOMBAY DECCAN*. 

BY 

T. F. MAIN, B.Sc., 

Deputy Director of Agriculture^ South Central Division, Bombay Presidency. 

The Bombay Deccan is that tract of country wbich licvs to the east of a line 
drawn through Satara Town parallel to the coast line. On the north it touches 
Khandesh, and on the south merges into the Karnatak. It is an undulating country 
with a precarious rainfall and is, in many parts, subject to famine. The soil varies 
from rich black cotton soil through the medium grades up to the thinnest of mururn 
lands. On the whole it is well suited to irrigation, but canals are expensive 
to construct, owing to the numerous nallahs which cut up the surface. 

It has been the policy of Government for many years to devise measures for 
protecting this country from famine ; and a wdiole series of irrigation projects have 
been worked up, several of which have materialized into canals. There are in 
fact 32 schemes or projects based on the Ghat-fed rivers of the Bombay Presidency. 
I shall, however, confine my attention to the best eight protective projects in the 
Deccan. These eight schemes, when completed, will together bring some four 
million acres under canal supply, of which upwards of 1| million acres will be irri- 
gable in normal years including upwards of two lakhs of acres under perennial irriga- 
tion, which, for practical purposes, means sugarcane. These schemes have not 
yet all materialized but the present position is approximately half a million acies 
irrigable on all canals ; or, in other words, the ratio of the present area to the full 
area, when these eight schemes are completed, is roughly one-third. 

A curious feature of the development of these irrigated tracts has been the 
prominence given to sugarcane, whereas the primary motive for the construction 
of the canals was protection from famine. This feature is conspicuously noticeable 
in the tracts commanded by the more recently constructed canals. Thus on the 
Pravara canals where irrigation is dev^eloping very rapidly, this development is 
almost entirely restricted to cane cultivation, other crops being grown only tor 


♦ paper read at the Indian Science Congress, Bombay, January 1926* 
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rotation purposes. This tendency is probably due in a large measure to the very 
favourable physical and climatic conditions of the Deccan for sugarcane, where 
the average crop is about three times as heavy as that of the United Provinces. 

Recently, however, a change has come over the situation. The Great War 
had the effect of putting up the price of everything including both the cost of pro- 
duction and the value of the produce. While both effects lasted, sugarcane con- 
tinued to be a very profitable crop, but unfortunately the value of the produce 
from cane has fallen whereas the cost of production has not. This phenomenon 
is particularly severe upon a crop which demands a very heavy expenditure ; and 
growing sugarcane in the Deccan has always involved a very heavy outlay because 
experience has shown that full crops can only be obtained through the application 
of exceedingly heavy doses of fertilizers. It has recently been computed that 
an average good crop of cane on the older canals costs the grower Rs. 800 
(approximately) to produce. This expenditure should ensure a i^-palla crop 
CO the acre (1 pMa=:^2i0 lb.). Hence when the price of giir (raw, unrefined sugar) 
falls to Rs. 25 per palla, there is no profit left to the grower. All he gets is family 
wages. 

During the last year or two there has been a very considerable lack of stability 
in the price of sugar and gtu ; and the cause of this decline in value appears to be 
fairly obvious. The world production of sugar was greatly reduced during the 
war-years and the years immediately following the close of the war, but during 
the last three or four years there has been a rapid recovery and all the European 
beet-growing countries, with the exception of Russia and Poland, have reached 
pre-war production. In a recent issue of the Sugar Planter ’’ it was estimated 
that the world’s production in 1924-25 amounted to 25 odd millions short tons, 
which means the significant fact that this production exceeds the ])reviou8 
record crop by no less than 14 per cent. Again the experience of sugar factories 
in the Deccan has not been very encouraging. Two such factories were established, 
but one at Baramati has gone into liquidation, and the other at Belapur has been 
und3rgoing a hard struggle, involving retrenchment. 

As regards sugar, therefore, the future does not appear to be bright, while in the 
case of gur or jaggen/ the position is somewhat obscure. Some close observers do 
not think consumption in India will expand very much. If this proves to be the 
cas3 and if the world is likely to increase its sugar production more rapidly than 
its sugar consumption, then there does not seem much scope for expanding the 
sugarcane area in the Deccan, unless the quality of its gur is such as to oust the 
Northern India gur from the market. 

At this stage it is important to point out that the economic situation as outlined 
above has not yet become reflected in the actual area under cane in the Deccan. 
The latest figures show that the area has expanded from 13,590 in 1915-16 to 25,700 
acres in 1924-25. This, however, is perhaps deceptive. New canal areas have 
been opened up, and in the early years very high yields can be obtained without 
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any special additional cost. Again the giowcr of sugarcane is a more or less speci- 
alized man and he finds it ditiicult to change his farming organization all of a sudden 
from a sugar basis to a non-sugar basis. The Indian Sugar Committee, in their 
report of 1920, pointed out that the then sugarcane area in the Deccan, approxi- 
mately 30,000 (canals-f- wells) acres, could be expanded to 1*50,000 acres in the 
near future so far as irrigation facilities went, but in view of the foregoing re- 
marks it seems doubtful whether th( se irrigated tracts should from an economic 
standpoint be developed on a sugarcane basis. The Bombay Agricultural De- 
partment has for some time past been studying this problem and is going carefully 
into alternative crops. It seems in fact very desirable to introduce a diversifica- 
tion of cropping on the Deccan canal areas. 

The most promising alternative money cro; s are cotton and groundnuts. Certain 
other crops such as potatoes and turmeric may also find a place, but the market 
for the latter is not a very big one, while the potato crop involves many troublesome 
probleiTis, notably the seed supj)ly and the loss in storage from one cause or other. 
Groundnuts have already become well established on the Nira Left Canal where 
tlie area is now 6,000 acr. s, but perhaps cotton will ult imately prove to be the 
mainstay of the irrigated Dec(‘an. At present the position is interesting . Every oi e 
is familiar with the excellent financial residts obtained with this croj), more, or less 
throughout the whole of the Bombay Presidency and notably in Kliandesh which 
forms the northern extension of the Deccan tract. Still, at presevit, there appears 
to be no great liking for this crop on the Deccan canals. On the other hand, there 
has been a great development of cotton growing on wells in the Sholaj)ur District 
which is not far from these canals, where yields up to 1,500 lb. of seed-cotton per 
acre have been common on manured land. The canal (uiltivator ap])ears to be 
under the impression that he should sow liis cotton, if he grows it at all, on rain mois- 
ture and should save the cost of canal water. In this way the sowing date is apt 
to become late, i,e,, July, which in my opinion is much too late to enable early 
varieties of cotton like ‘‘ N. R.” to do themselves justice. This variety of cotton 
should be sown in the early j)art of June and possibly earlier. The Irrigation Depart- 
ment has accordingly fixed a very low water rate for cotton, amounting to Rs. 3 
only for the kharif season (15th June to 15th October), but unfortunately the storage 
reservoirs do not always ccjiitain enough water to ])ermit of irrigation being made 
available for cotton s )wing so early as this. The agricultural problem of these 
irrigated tracts has thus assumed great significaiu'e, and a satisfactory solution 
is of the utmost importance. The problem is tw o-sided ; (1) the economic, and 
(2) the technical. 

On the economic side w e have got to ascertain the most appropriate combination 
of crops and their relative distributioJi in point of area, taking into account, on the 
one hand, the quantities of water available in the storage reservoirs at each period 
of the year, and, on the other hand, the market denjand for and price of the produce, 
and also the amount of labour required and available in different seasons. 

O 2 
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On the technical side we have got to investigate the possibilities of reducing 
the cost of production of cane and the scope for increasing the outturn by breeding 
varieties more thrifty in their utilization of fertilizers. We have also to work 
out the possibilities of alternative money crops like cotton. Research on these 
lines is in progress, and already substantial progress has been made in reducing 
the cost of cane production. Thus Rao Bahadur Patil claims to have perfected 
methods, initiated by Professor Knight, which enable a saving in cost of production 
of approximately Rs. 130 to Rs. 160 per acre. Looking at the problem as a whole, 
I am inclined to draw the tentative conclusion that a solution will be found on the 
basis of restricting the cane area to something much below that formerly contem- 
plated, and turning the water thus saved to account by growing alternative money 
crops, and, in addition, materially reducing the cost of producing a unit of sugar or 
jaggery. 

Discussion. 

Mr. G. L. Kottur pointed out the danger of continued fragmentation of holdings in the irri- 
gated tracts and the necessity of dotcrniining the minimum size of an economic holding in the 
canal areas. 

Mr. W. J, Jenkins, referring to the introduction of the cultivation of alternative crops to 
sugarcane, c.( 7 ., cotton and groundnuts, in the Deccan canal areas, pointed out that such intro- 
duction should be properly controlled and managed from the beginning. Otherwise there might 
be some danger that wholesale introduction under irrigated conditions would tend to reduce 
the value and reputation of such crops at present grown under dry conditions. 

Rao Saheb Bhimbhai M. Desai, referring to the present unprofitableness of sugarcane cultiva- 
tion, suggested a heavy duty on imported sugar. He pointed out the agricultural advantages 
of increasing the cultivation of suitable crops in rotation with sugarcane. 

Mr. B. S. Patel stated that the successful introduction of new crops in the canal areas would 
largely depend upon the encouragement given to growers by the Irrigation Department, in 
whoso hands the business management of the canals rested. He advocated concessions and 
reductions in the water rate to approved cultivators. 

Mr. Main said that, in the Bombay Presidency, a sliding scale of water rate for cane-growers, 
varying with the rise and fall of gur prices, was under contemplation. He thought such an 
arrangement would be a good one. 

Mr. Salimath enquired if any information was available with regard to the yield of irrigated 
cotton in the Bombay Deccan. 

Mr. Main replied that yields of hapas up to 800 lb. per acre had been obtained under irrigation 
at the Manjri farm near Poona. Further investigations to determine yield possibilities were 
necessary. 



STALLS AND HARNESS USED IN THE STUDY OF NITROGEN 
METABOLISM AND NUTRITIVE VALUE OF CATTLE FEEDS. 


IIY 

P. E. LANDER, M.A., D.Sc., A.I.C., 

Agricultural Chemut to Governmmt^ Punjab^ Lyalljjur. 


The stalls and harness used for collecting dung and urine from the bullocks 
and cows, described in this paper, are the result of experience gained in trials 
carried out at the Lyallpur Research Institute during the winters of the past four 
years. Preliminary work was undertaken with bullocks in a stall, the floor of 
which was of the ordinary type — brick in lime — but with a slight depression in 
the centre which sloped towards one side, the object of this being to prevent any 
urine which might escape, from coming into contact wdth the dung bag when the 
animal lies down. 

The bag for collecting dung was suspended from a metal frame covered with 
leather, and arranged so as to fit the hind parts of the animal, and kept in position 
by cotton tape having short pieces of rubber tubing interpolated in order to give 
some '' play,” and tied at the other ends round the neck of the animal. Both the 
metal frame and the method of tying it from the neck were soon found to be unsatis- 
factory on account of wounds produced by friction against the tender skin of the 
animal and were hence discarded. The dung bag was then applied direct to the 
animal, whose tail w^as kept inside the bag, which latter was held in position as 
before by cotton tapes w ith short rubber connecting links, but fastened at the other 
ends with a stuffed belt passing round the girth of the animal. The placing of the 
animaPs tail in the bag simplified the construction of the mouth of the bag but 
had certain obvious disadvantages, hence the tail was passed through an opening 
made in the upper flap of the bag. When parsing dung, the animal lifts its tail 
slightly but with considerable force and this keeps the two flaps of the bag open, 
thus permitting the dung to fall unobstructed to the bottom of the bag. 

{ ) 
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The general design is shown in Plate XIX, fig. 1. The lower flap of the bag 
in contact with the animal is out into the shape as shown in the text-figure. This 
method was found to work with entire satisfaction. 



The animal was curryed twice daily- morning and evening — when the dung 
was transferred from the bag into a closed receptacle. 

The digestibility coefficients obtained when working with this apparatus have 
already been published, ^from which it will be seen that some of the figures 
obtained, including those for nitrogen, were negative. Such figures, are not 
uncoipmon when poor feeds such as bhusa (wheat straw) are being fed. It was 
considered advisable to study the nitrogen metabolism in such cases, for which pur- 
pose it was necessary to collect uncontaminated urine. 

The usual bag and rubber tube attachment has been described by Warth* in 
connection with his nitrogen metabolism stall for bullocks. In this the animal 
is always made to sit sideways by giving a gentle slope towards, and ending in a 
deep depression near the centre of one side. An elaborate system of pulleys guides 
the urine tube to a receiver in a pit through a glass tube. This design has been 
considerably modified though in principle it remains unaltered. The system of 
three long pulleys was replaced by a single short pulley at the end of a wooden peg 
fixed in the side of the pit (Plate XIX, fig. 1). A wire hook on the pulley keeps 
the urine tube in position. The vertical glass tube and the receiver were replaced 
by a galvanized metal cylinder three feet deep and six inches in diameter, thus 
giving the animal plenty of movement backwards and forwards. About three- 
fourths of the floor was levelled and the deep depression on the side scooped and 
extended to almost the middle of the floor. Uncontaminated urine was collected 
over periods of 16 days, and it is rare to find that the urine tube gets under the legs 
or the body of the animal. Although this works well there is the disadvantage 

^ Menu Depk .Agri» India CAem, 8er., VII, Np. 4 , 

* Affri. Jgur. Jndia, JCVIU, 
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to the animal that it is restricted to sitting on the same side always. In one of our 
trials this so annoyed one of the animals that he persisted in sitting on the reverse 
side, and would have slid down into the side pit had the stays on this side of the 
pit not been sufficiently strong. IMate XTX, fig. 1 shows the modified stall, in which 
considerable improvement may still be effected if the animal is to be free from all 
restraint. 

The stalls for conducting the experiments on cows w^ere constructed in October 
1924 and are shown in fig. 2 on Plate XIX, which also shows a cow with the 
harness on. The floor and manger are of concrete and can be kept quite clean. 
Each stall is separated from its neighbourby iron pipes as shown, so that an animal 
cannot get at the food of its neighbour. In the earlier trials a tin of water was 
placed on the floor of each stall for the animals, but this arrangement has now been 
modified by fixing a galvanized trough flush at the end of each individual manger. 
The black lines on the floor merely indicate the direction of the slope. 

A milch cow is a very sensitive animal, and the harness, therefore, must be light 
and comfortable. The dung bag was accordingly dispensed with and the dung 
either received in a cup by an attendant as it is voided by the animal, or picked 
up without loss or contamination from the floor. One attendant can conveniently 
manipulate four cows. The urine for the study of nitrogen metabolism is collected 
by the assistance of a cu]) arrangement held against the liind-quarters of the animal 
in a leather piece which is in turn strapped to a stuffed belt encircling the girth of 
the animal as in the case of the bullocks. Fig. 3 on Plate XIX shows the details 
of the cup which have to be modified to suit each animal. To the posterior orifice 
of the cup is attached a rubber tube weighted at the other end, and of a diameter 
sufficiently great to })revent urine from overflowing. This tube passes uver a system 
of three short rollers placed at an angle in the cover into a tall cylindrical receiver 
standing in the pit. The receivers are of the same dimensions as those employed 
for bullocks. The parts of the cup which require special mention are : — 

(а) Curvature on th(‘. top which allows the dung to pass out freely. 

(б) Holes on the rim of the cup by which it is atta(‘hed to the leather piece, 

and the ventilatioii holes on the back of the cup. 

((;) The protruding curved rim on the interior which holds the lip of the 
hind-quarters and thus ju’events leaking of the urine. 

As a safeguard against any chance-leak from the cu]) the s]o})e on the clean 
cement floor guides any urine which may escafie to the receiver and the floor is 
immediately washed down with a small quantity of water into the receiver ; a 
leakage, however, is ran' and such w^ashing is rarely resorted to, and as far as any 
outward signs indicate, the animals have not suffered discomfort and urine has 
been satisfactorily collected for 22 days at a stretch. 

To keej) an animal in a fit condition during the course of such a trial some exercise 
is necessary, generally attained by giving the animal a brisk w^alk of about tw o miles ; 
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one attendant leads two cows and another walks behind with receptacles to receive 
the urine and dung separately as they are passed. Usually the animals pass urine 
or dung either at the start or at the finish, and no trouble has been experienced or 
any loss occasioned during these excursions. 

On the whole, the apparatus works extremely well and appears to have overcome 
the difficulty of efficiently separating urine from dung in the c ise of cows under 
such experiments. 

The experimental data and the results obtained in the trials under progre^’s 
with this harness will b(^ presented in detail and discussed elsewhere. 

In conclusion, I should express my obligation to Pandit Lai Chand Dharinani, 
L.Ag., B.Sc. (Agri.), Research Assistant, and Sardar Sahib Jagat Singh, M.Sc., 
Assistant Professor of Chemistry, for their assistance during the progress of the work, 
and for exercising patience and ingenuity in perfecting the apparatus, and to 
Mr. Brownlie, Agricultural Engineer, for valuable help in constructing the shed. 
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VIL HEMORRHAGIC SEPTICEMIA IN CATTLE IN INDIA. 

BY 


R. C. J. BENNETT, B.Rc., M.R.C.V.S., 

Late Second BaeieriologiHt, Mnktesar. 

ILemorrhack: septicaemia stands in India second in importance only to rinderpest 
among the contagious diseases of cattle ; but while rinderpest occurs continuously 
throughout the year, hamorrhagic septicamia has a seasonal as well as a regional 
prevalence. Generally speaking, it is a disease of the rainy seavsons : the largest 
outbreaks occur during the summer monsoon and the smaller ones during the 
‘‘ Christmas rains.” In the past many outbreaks were diagnosed as anthrax owing 
to the rather close similarity of some of the clinical sym}>toms of the two diseases, 
but at the present tim(‘ it is jirobable that all outbreaks of luumorrhagic sejiticaunia 
are correctly diagnosed. 

The cause of tlie disease is a small bacterium of the so-called ” pasteurella ” or 
Immiorrhagic septicaania ” grouj). This grouj) of bacteria is an extensive one, 
comprising all the organisms which cause the hamiorrhagic sejiticaaiiias of animals 
and human plague. The bacteria are easily cultivated in artiticial media, and it is 
of great interest that they have been grown in ordinary spring water containing 
organic substances and in garden soil. Another notable feature* of the bacteria of 
this group is that they lose their virulence in artificial culture media but regain *t, 
or even become “ exalted ” in pathogenicity, when inoculated into suitable siiscej)- 
tible animals. One thus understands that they may live and grow in marshy areas, 
remaining meanwhile in a low state of virulence, but when an animal of more than 
ordinary suscejitibility is introduced into the locality, it may be infected with large 
numbers of these organisms and develop the disease ; and the microbes, after having 
overcome the animal's natural defences, may become so exalted in virulence that 
when voided in the discharges of the animal they are in a position readily to invade 
the tissues of a second animal, so that the disease eventually takes the form of a 
veritable outbreak. 1 1 is on this account that outbreaks of haunorrhagic septicauuig 
are comparatively “ explosive in nature, 
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The haemorrhagic Bepticamiias of cattle and buffaloes have generally been repre- 
sented, particularly in text-books of veterinary ])athology, as separate entities, 
buffaloes being regarded as more susceptible to the disease. There does not, however, 
appear to be at present any valid evidence to indicate that the buffalo and domestic 
cattle are not infected by the same species of organism. On the other hand, it is 
probable that the causative organisms in l)olh cases are identical, inasmuch as either 
animal may be protected against natural or artificial infection by the use of equal 
doses of serum prepared with a single “ strain ” of bovine haunorrhagic septicfemia 
organisms. With regard to the comparative susceptibility of the two classes of 
animals, ithasbeen noticed at theMuktesarlnstitutethat, so far as artificial inocula- 
tion is concerned, they exhibit no difference in susceptibility, so that the question 
as to the possibility of the buffalo being more susceptible than cattle under natural 
conditions must be considered in relation to the different habits of life and to the 
conditions in w’hich the two classes of animals are maintained. Tn short, it may be 
considered that domestic cattle and buffaloes are of approximately equal suscepti- 
bility although greater opportunities are afTorded to the latter for acquiring the 
disease. 

Natural infection probably occurs in most cases by way of the digestive tract, 
although it is not improbable that in some cases the bacteria are introduced through 
abrasions of the skin or mucous membrane of the mouth. In this connection it is 
of interest tliat the feeding of artificial cultures to cattle will rarely produce the 
disease although it may be produc^ed by any of the other com t non methods of arti- 
ficial infection. In view of the correlation frequently observed between the inci- 
dence of hamiorrhagic septica*mia and the abundance of bhx d-sm king flies, it is also 
not improbable that in some cases these act as intermediaries in the mechanical 
transmission of the disease. A])art from these considerations it is generally recognized 
that infection is acquired by way of the mouth, and the grea t swelling of the throat 
that is observable in natural (but not in experimental) cases of the disease, may 
perhaps be taken as evidence in support of this view. After the appearance of the 
first few cases in a herd the outbreak may cease spontaneously, in which case one is 
said to have encountered a few sporadic cases ; or the outbreak may extend with 
great rapidity within a comparatively limited area resulting in heavy mortality. 
In no case, however, is the outbreak likely to continue over a long period as in the 
case of rinderpest, nor is it likely to be carried to any long distance from the site of 
the original outbreak. On the contrary, the removal of animals is more likely to 
cut short the enzootic. 

The symptoms of ha*morrhagic septicaunia are, in all but the most rapidly fatal 
cases, fairly characteristic. The “ incubation period ’’ may be from several hours 
to two days or more. With the rapid onset of symptoms death is usually early and 
may occur in from 18 to 24 hours, and in such rapidly fatal cases the symptoms to 
be observed are almost negligible, a rise of tern] crj line beirg fcmetimc si hardly 
appreciable, unless it is taken at very short intervals, In the less severe cases death 



' PROTECTION OP CATTLE AND OTHER ANIMALS AGAINST DISEASE 


353 


occurs in about two days and the rise of temperature is well marked, and usually 
extreme, frequently attaining 10(>" F. to 107'^ F. In most eases the onset of tlie. 
disease is characterized by shivering and the animal soon shows signs of lameness. 
Once the lameness has a])peared, swellings begin to develop either in the limbs, or, 
where they are more notiei‘abIe, on the head and the neck. Often there are signs 
of pain in the abdomen, which looks distended, although no ffeces are at first voided. 
Later, the symptoms are aggravated and tlie respiration is liarsh and rapid, diarrhoea 
sets in and the lameness and swcillings increase, until at length the animal is incapable 
of locomotion. During the last stages tlie animal may be seen standing with its 
head thrust forward and there is a copious discharge of tears and saliva. Respira- 
tion is very rapid and every sign of impending asphyxia is presented : occasionally 
the animal attem])ts to cough but appears to be unable to do so. The animal remains 
on its feet as long as it is capable of doing so, but it will not attemipt to move and all 
efforts to induce it to do so arc of no avail. Eventually it collapses and dies rapidly 
— so rapidly in some cases that it may be said without exa'. geration that the animal 
has dropped dead.” In the naturally occurring disease there is a progressive tense 
swelling of the tliroat and head, attaining to such a degree lhat the animal is some- 
times almost unrecognizable : in the experimentally induced infection ihe cervical 
swellings are rare but sw(‘llings of the limbs and lameness are more common. The 
descri])ti()n given above does not, however, represent the entire train of symptoms 
observed in every case although it pur])oris to be a general clinical picture of the 
disease whether cattle or buffaloes are concerned. It is difficult to state accurately 
the percentage of mortality due to luernorrhagic septicaunia. but experience has 
shown that no animal recovers after having shown more than the mildest symp- 
toms. Recoveries have been observ(‘d in cases where evidences of early infection 
have been obtained by laboratory tests, but in such cases the animals concerned 
suffered from what would ap])ear to be almost a symydomless attack of the disease. 
In this connection mention may be made of the observations made by many veteri- 
nary officers in the field that young animals appear to be more suscey)tible than 
adult ones ; this may without doubt be attributed to the fact that among the older 
animals there is a large proportion that has recovered from a mild form of the 
disease. 

Diagnosis of hamiorrhagic septicaemia from the symptoms alone should not be 
dilBBcult, although in the past the disease has often been confused wuth anthrax. 
In this connection it would appear that too much stress has been laid on the presence 
of swelling of the throat in cases of anthrax. Oedema of the cervical region is a 
character of anthrax chiefly in horses and mules but is of comparatively rare occur- 
rence in cattle, wdiile, on the other hand, a sw elling of the throat is a fairly constant 
symptom of naturally occurring bovine haemorrhagic* septicaemia. Any animal 
that has died suddenly with a greatly sw^ollen throat should be first suspected as 
having died of haornorrhagic septicaemia rather than of anthrax. A definite diag- 
nosis is always to be made by the examination of a stained blood smear. In the 
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case of lia3morrhagic septicaemia the bacteria, which are usually present in the blood 
in immense numbers, are very small, ovoid, and stain only at the poles, whereas 
the anthrax bacillus is very large, square-ended, often in short chains, and stains 
evenly ; it has, moreover, a well-defined capsule which may be seen in all cases in 
which the carcase is not in a state of excessive disintegration. It should be re- 
membered, however, that in some cases of haemorrhagic septicaemia the bacteria 
are found in the blood only with extreme difficulty and after prolonged examination 
of a blood smear, and in smdi cases the rare occurrence of bacteria (if the carcase 
b(*, fresh) is almost differentially diagnostic, of luemorrhagict sej)tica‘mia, since in 
anthrax the bacilli nearly always occur in large numbers. Post-mortem examina- 
tion of a carcase for diagnostic purposes would hardly be of any value, in view of 
the rapidity with which carcases tend to disintegrate in the tropics, and, moreover, 
anthrax carcases should, on principle, never be opened. 

It will thus be seen that although hflemorrhagic septlcsemia may at times be 
confused with anthrax, a mistaken diagnosis should be comparatively rare, the 
more so in view of the fact that, as a rule, multiple cases occur, so that even if a 
definite diagnosis cannot be made in the case of one animal, it should be possible to 
make one in another and so to establish the nature of the outbreak. 

Prevention and control. 

The seasonal and regional incidence of the disease suggests that the most reason- 
able method of preventing outbreaks will be to prevent susceptible animals from 
grazing over known infected areas during the rainy seasons. Such a procedure in 
India would, however, be (juite impossible as a general measure, and attention 
must therefore be directed towards some form of prophylactic treatment. Two 
products are prepared on a large scale at the Muktesar Institute for this purpose, 
namely, a hyper-immune serum and a vaccine. 

As a routine prophylactic agent for use in the field, anti-serum is not ideal, since, 
in common with all other anti-sera, the period over which it protects an animal is 
very short, indeed far shorter than the period during which outbreaks are liable to 
occur in infected areas. In order to meet this objection a vaccine has been prepared 
and is now issued on a large scale for the prophylactic vaccination of cattle, and 
reports received from the Civil Veterinary Departments of the various provinces 
for some years past have shown that its administration is of great value in reducing 
the inchhmee of haemorrhagic septicaunia. In most districts the vaccine is injected 
into as many catth* as possible in the infected areas at the commencement of the 
rains, but in some districts other procedures are adopted. In some cases, only 
young stock are vaccinated on a large scale in anticipation that superimposition of a 
natural infection will induce the development of a stronger immunity which will be 
of a lasting nature. In still other districts, specially irrigated districts, it has been 
noticed that the seasonal occurrence of the disease is not so marked it is elsewhere 
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and on this account, whilst vaccination is extensively practised, there is no special 
time of the year at which the operation is performed. It is impossible to keep 
detailed and accurate records of vaccinations and results, and it is further not pos- 
sible to keep any animal or animals (except rarely) under observation from year to 
year, and therefore the reports available arc to a large extent in the nature of cir- 
cumstantial evidence. Reference to the Annual Reports of the Provincial Civil 
Veterinary Departments and to those of the Muktesar Institute will, however, show 
that the number of vaccinated cattle which die throughout India is proportionately 
very much less than that of the non-vaccinated. Thus in the present state of our 
knowledge of this disease and in consideration of the circumstances in which veteri- 
nary work in India is being carried out, it appears that the most suitable prophy- 
lactic measure that is capable of general application is the extensive administration 
of vaccine. 

For the control of outbreaks when once the disease has made its appearance 
other methods arc to b(i recommended. Having regard to tln^ regional incidcmce 
and the enzootic character of the disease, su8ce])tible animals should be removed 
from the scene of an outbreak, preferably into buildings, if tliesc^ are available. 
As is the case with many other desirabh^ recommendations, this procedur(‘, is rarely 
possible in India, but when it has been adopted, the results have been satisfactory. 

In the great majority of outbreaks it is necessary to institute some form of 
treatment at the site of the outbreak. At the outset it may b(‘ said that 
there is no ‘‘cure” for haemorrhagic septicainia in that any animal which 
shows marked symptoms will almost certain!} succumb ; nor is there any form 
of medical treatment of proved value in protecting the healthy animals 
in an infected herd, even for the shortest period of time. If it is impossible 
to remove all animals to a distance, or even if this is possible, the adminis- 
tration of anti-haemorrhagic septicfieniia seium is the most certain way to cut slioit 
the outbreak. The seiiim has a great advantage over vaccine in Ihal it hi g.ns to 
exert its protective power almost from the moment it is injected, whereas in 
the case of the vaccine it is known that some days must ela])se before immunity 
develops. Of the efficacy of the anti-secum there is now little doubt, as has bee n 
shown by severe and definite laboratory tests ; in addition, all veterinary offieeis 
in the field, who have had recourse to it in dealing with outbreaks of haunorrhagic 
septicaemia, have reported on its efficacy in most favourable terms. The technique 
to be adopted in giving the serum is less variable than in the case of vaccine. All 
in-contact animals should be treated. The question of the mixing of healthy 
animals which have received serum, with the diseased ones, has received some 
attention, because it is known that in the case of cattle which have received 
serum and the causal bacteria of the disease, the immunity developed is more 
lasting. In the case of heemorrhagic septictemia, however, it seems that the 
mixing of the infected animals with those that have been given serum, while it may 
be of some value, is not of such importance as in the case of rinderpest, in which 



35 () 


AGElCULTtTRAL JOURNAL OF IKdU 


[XXI, V, 


this procedure is strongly advocated. This is partly attributable to the fact that 
in haemorrhagic septicaemia the “ incubation period ’’ and the period during which 
an affected animal is a ymtential source of danger are both very short, and perhaps 
also to the fact that immediate contagion from the disease to the healthy animal 
rarely, if ever, occurs. 

The foregoing arguments will show that for pro |)liy lactic purposes the vaccine is 
to be preferred and that for the controlling of outbreaks the use of serum is necessar/. 
These are, however, not the only })roducts that have been emyiloyed in attempts to 
reduce losses from this disease, and the question of luemorrhagic se})tica 3 inia 
control cannot be closed without a brief referem^e to some of the others. 

It must be understood that the vaccine that has been in use throughout India in 
recent years, contains only killed luemorrhagic. septicajinia bacteria and their pro- 
ducts. Many attempts have been made in this and in other countries to make use 
of the knowledge that the bacteria lose tlieir virulence with more or less rapidity 
when grown in artificial culture media, the object having b(Mm to obtain bacteria of 
such a degree of attenuated virulence that they will not cause death when in- 
oculated alive into a susceptible animal. It has been (Jaimed t hat such an attenuated 
vaccine would produce a more lasting immunity than a dead one. Unfortunately, 
however, all cattle are not equally susceptible to hmmorrhagic septicaunia, and 
even with a very attenuated living vaccine it is not certain that some of the more 
susceptible cattle would not die as the result of vaccination. Apart from the des- 
truction of the confidence of the uneducated cattle-owners (and they constitute the 
majority), such an accident would be dangerous also i]i virtue of the exaltation in 
virulence that the bacteria would undergo, so that a serious outbreak might follow. 
Further, the efficacy of attenuated living va(*cincs Ijas not yet been prov(Ml to be 
greater than that of dead vaccines, and in consideration also of the potential dangers 
of using them they are not to be recjommended for use in India. 

Another method of immunization against luemojTliagic septicaunia that is worthy 
of attention may be referred to as the “ sipndtaneous ” niethcd, being in principle 
similar to tJie method of that name, which has been ennffoyed in India and elsewhere 
in protecting cattle against rinder]>est. It is knowji that in tin* case of ri]ider})est a 
lasting, probably lifelong, immunity can be set up by this nndbod, and similar forms 
of immunization have been recently em])loyed in t he case of cert ain human diseases, 
Ex})erinients that have beem recently conducted at the Muktesar Institute have 
shown that a “ simultaneous immunization against luemorrhagie^ sejff icamiia can 
be performed with safety and that tlie immunity is of comparatively long duration. 
All the necessary details have not, liowever, been worked out, and the method is 
not yet available for general use. 

Kesults fairly satisfactory in character are being obtained by the methods at 
23rescnt in use for combating tlie disease, so that it would seem hardly wise to recom- 
mend a new form of treatment for general acceptance until its efficacy has been more 
exhaustively tested under laboratory conditions. 
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A DOOD deal of work hun boon done on soil acidity by Mr. Meggitt, bite Agricul- 
tural Chemist to th(» Gov(n*nment of Assam, and it was li(i who first pointed out 
tliat a high degree of acidity, as is commonly met with in tlie soils of Assam, is ])osi- 
tively toxic or injurious to many cultivated crops, (‘specially the rabi (wint(‘r) cro])s of 
Assam. 

The present paper deals with experiments originally started by Mr. Meggitt and 
carri(‘d on by the write^rs for two years after he left. 

During tlie early years s(n^(*ral cro])s of oats and mustard were grown on dilTercmt 
areas of the farm and though well-mamir(Hl with cowdung thi‘y all failed. Tlie 
failure of these crops was at first attributed to lack of soil moisture, but later on it 
was found that the soil did not lack in ad(‘(|uate moisture when the cro})s {ail(‘d. 
It so happened, liowever, that a small jairt of the area on which these crops were 
sown, accidentally received a dressing of wood ashes thrown out from the sugar 
boiling furnaces nearby. On the land so treated (|uite a good crojj matured. This 
was at (nice suggestive. As tlu^ wood ashiis are alkaline, experiments were started 
on the effects of wood ashes on various crops, aside from lime, as they arc easily 
available and cheaper for the common cultivators of Assam. 

Accordingly, five plots were taken up and were tr(ait(‘d with 5, 10, nil, 15 and 20 
maunds of wood ashes per acre ]>er annum r(^sp(H•tively. One-half of each of these 
plots was cross-dressed with cowdung at the rate of 100 mds. per acre per annum. 
For the first three years aus paddy wuis followed by oats in the cold weath(‘r. Each 
successive year the effect of wood ashes became more and more pronounced, and 
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at the end of the third year the plots manured with cowdung gave certain decisive 
results as tabulated below : — 


Plot No. 

Application 

Oats in grain 

I a 

5 mds. wood ashes alone ........ 

No crop. 

1 6 

5 mds. wood ashes -f 100 mds. cowdung ...... 

No crop. 

2 a 

10 mds. wood ashes alone ........ 

No crop. 

2 b 

10 mds, wood ashes i 100 mds. cowdung 

238 lb. 

3 o » 

No wood ashes . • . 

No crop. 

3 b 

No wood ashes 100 mds. cowdung ...... 

No crop. 

4 a* 

15 mds. wood ashes ........ 

, , 

4 b 

15 mds. wood ashes 4 100 mds. cowdung ...... 

476 lb. 

6 a* . 

20 mds. wood ashes ......... 


5 6 

20 mds. wood ashes f 100 mds. cowdung. ..... 

826 lb. 


• The figures were not reoordedj 


In th(? fourth year, cowpeas wer<^ grown as a green manure in the rains on all ])lots 
followed by oats in the (*ol(l weather. In view of tln‘ green-manuring no eowdung 
was applied. The seedlitigs di(xl out on the j)lot-s receiving no wood ashes (Tlots Nos. 

a and .‘1 6) and also on ihos(^ dressed with 5 mds. and 10 jnds. wood ashes witliout 
eowdung ( Plols Nos. I a and 2 a). All the other ))lots matiinal croj)s and the outturn 
increased witli the amount of wood ashes applied. Unfortunately, no figures were 
available as the croj)S were spoiled after the harvest, before being weighed. 

The experiment was cont inued till the end of the twelfth year from the commence- 
nnmt. The results from the fifth year till the end of the twelfth year are arranged 
ill Tables I and II. During the fifth year cowpeas were grown as a green manure in 
the rains followed by oats in the cold weather. The seedlings died out on the plots 
receiving no wood ashes. The other plots matured crops and the yield increased 
with the amount of wood ashes applied. In the sixth year jowar (Sorghum 
vulgare) was follow^ed by kultikalai. The latter crop which was a new intro- 
duction to the farm was sown too late. Though it made a good vegetative 
growth, it failed to ripen its seeds before the rains ruined it and consequently no 
figures were obtained. The jowar was cut green for fodder and the yield increased 
largely with every increase in the amount of wood ashes used. The plots without 
wood ashes as well as the plot with 5 mds. wood ashes without cowdung, failed to 
produce any crop whatsoever. Cropping for the seventh year was cowpeas as a 
green manure followed by oats. Plots Nos. la, 2a, 3a and 36 did not mature any 
crop, while the other plots gave similar yields as before. Soybeans were tried in 
the eighth year. The crop increased with increasing doses of wocd ashes, the 
cowdung section of the plot being better in each case. But, unfortunately, due to 
an outbreak of disease the crops were damaged and consequently no figures were 
available. Again, in the ninth year cowpeas were sown in the rains followed by 
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12th year 

Yield 

m imiiv 

lb. 

120 

630 

40 

1,110 

1,780 

Crop 

unuiAV 

iwHiV 

Jdtiimnf; 


11th year 

Yield 

JMMOf 

(M 

«o w ^ 

jD ®'* ^ 

~ ,_r ^ ® r-T O 

rH (M 

WlJIuSi U1 H'^HO 

lb. 

42 

420 

nil 

616 

1,050 

Crop 

jopilAV 


lotuums’ 

J«A\Of 

10th year 

Yield 



Crop 

i,>^uiAV 

(p^Xmiittp) SV.KI wJBj 

J’Kumtis 



Yield 



Crop 


(p.ilivniwp) ixlwir 


p.unuBni-iivLuiJ hb.hImoj 

8th year 

Yield 



Crop 

j.Kun.w 


A<}IUIUIIS 


2 

ja 

•o 

35 


Ib. 

165 

210 

nil 

434 

435 

2 

o 



j’Minuus 

|),uuutmi-uo.ul< KB<>djwo;) 

6th year 

Yield 

IVIAOf U30J;) 

ib. 

1,211 

3,689 

nil 

8,450 
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rape in the cold season. The cowpeas were lioed in as a green manure. Rape was 
sown very late on account of late rains and it made a miserable show. Similarly, 
in the tenth year the plots were sowe with parapeas in the autumn but the seeds 
could not germinate on account of lieavy showers after sowing and even those 
which survived were destroy (id by crickets. No figures were, therefore, available 
for record. Cropping for the* el(3vejith ytiar was jo war followed by oats in tlie cold 
season. Both these crops gave liiglier yiedds in comparison with those of precluding 
years. Plots Nos. 3a and 36 without any wood ash did not mat uni any crop. Plots 
Nob. la and 2a with an application of 5 mds. and 10 mds. of wood ashes without cow- 
dung, which faihid to matuni any crop in the previous years, gave an outturn of 
14 lb. and 56 lb. of oats in grains respectively. This was <|uite clear and coiiviucdng 
to show the acciunulative efhict of wood ashes as an arneliorant of soil acidity. 

Arhar {Gajanus mdicus) was grown in the twelfth year. All the plots matured 
crops and th(i outturn i?icreas(id with incriiased doses of wood ashes applied. Of 
all the crops tried, arhar was the single instaniie whiidi produced a certain amount of 
croj) from plots without any a])piication of wood ashes. 

The results of the (ixperiments on the eff(3cts of wood ashes on oats, arhar and 
jowarnTL' shown in Tables I and 11 and in the curves in Figs. 1 and 2, of which one is 
for cowdung and wood aslu\s combintd and the other for wood ashes alone. The 
abscissic and the ordinates in the (mrves represent the amount (d wood ashes applied 
and the yield of c-rof) res|)ectiv(ily. 

Beskhis, to study the accumulative and residual elfects of wood ashes in the soil, 
the acidity was separately deterinirmd at the close of the experiment for each plot 
according to Hopkins method. The results ar(‘ shown in the tabh‘-s and curves 
mentioned above. The abscissie and the ordinates represent the amount of wood 
aslies applied and the acidity in parts of lime per million parts of soil respectivedy. 

From Tables 1 and II and the curves in Figs. J and 2 it is chiarly shown that the 
yield of cro]) in(3rea8ed with incri^asing doses of wood ashes in both the sections 
with and witliout cowdung, and the cowdung j)lots gave better outturn of crops than 
those without any application of cowdung. The results also point out that the 
infertilit y of the soil is due to soil acidity as well as to lack of available plant 
food in th<^ soil. 

When the process of soil acidification (nstablishes itself in a marked degree, due to 
leaching of lime or other complicated causes, especially in a region where the rainfall 
averages 80 inches or more per annum, tlie removal of other plant foods, notably 
phosphoric acid, in drainage water Ix'comes inevitable. From the analysis of the 
said farm soil the percentages of total and available plios])horic acid ( 1 * 2 ^ 5 ) found 

to be 0*02 per cent, ami 0*005 per cent, respcic lively, wdiicb are indeed very lov\’. 
The process of soil acidification thus leads to a general impoverishment and toxi- 
city of the soil. 

That acidity has distinct harmful elfects on certain crops is noticed in Tables 1 
and II and the curves for oats and j(jwar in Figs. 1 and 2 respectively. It is also 

d2 
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evident from the tables and curves that, where the wood aslies are not applied or 
applied at a very low rate, the higher soil acidity does not allow the crops to grow. 



Fig. 1. Showing the effects of wood ashes and cowdung on oits, jotOir and arht<r. 
present the yield of crop (left) and acidity (right), while the abscissae, the 
a%hf8 appued in maunds per acre. 


The ordinates re- 
amount of wood 
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Fi(?. 2. Showing the cffccls of wood ashes alone on oats, arhar and jotoar. Tlv^ ordinates represent 
the yield of crop (left) and acidity (right), while the abscissae, the amount of wood ashes applied 
in maundg per acre. 


On the other hand, the application of wood ashes not only decreases the acidity in 
the soil hut allows a fairly good crop when applied with cowdung. It may also be 
mentioned here that cowdung acts as a nutrient i)lant food, but not as an 
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ameliorant of soil acidity. It is the apjdication of wood ashes which furnishes the 
soil with both a base and a nutrient, and thus serves a dual purpose which is 
mostly desired in the acid soil of Jorhat. 

The uncropped soil of Jorhat farm has an acidity of about 900 (parts CaO per 
million parts soil). When brought under cultivation such a soil will not allow the 
growth of rahi crops unless lime or wood ashes are applied. The acidity of the un- 
treated plot is 896 and a fairly good cro]) is produced when this acidity is partly 
neutralized down to 482 by the application of 20 mds. wood ashes per acre, as is 
shown in Table II and the curves in Fig. 2. This evidently proves that there is a 
limit of tolerance for rahi crops towards soil acidity beyond which they do not grow 
well. Moreover, as the acidity decreases, the yield increases and vice versd. 

The relation between soil acidity and yield of crops, especially the rabi crops, 
seems to be rather definite, and it also appears that there is a certain limit of resist - 
ance for crops to soil acidity beyond which they cannot be successfully grown even 
with the application of a good deal of cowdung. The plots with higher acidity 
have produced no crop in case of oats and jowar and a small crop of arhar which can 
seldom be taken into account, whereas the plots with lower acidity have invari- 
ably produced the best crops in all cases. 

Plants naturally prefer a more or less neutral medium. The fact that some 
plants do well on acid soils is no proof that they naturally ] refer it to a 
more or less neutral one, or they would not do better on the latter type of soil. It 
is a question of adaptation. It is simply because they have a greater degree of 
tolerance towards acidity than other plants that the latter succumb and the former 
are finally given an undisputed field. Prom the results we find that oats are very 
sensitive to an acid medium, comes next to it, while arhar grows even on an 
acid soil. Furthermore, we find that the yield of arhar in grains increases with 
increasing doses of wood ashes which suggests that even a plant tolerant of acidity 
does better on soils with lower acidity. 


Summary. 

1. The infertility of the Jorhat farm soil with regard to certain rahi crops is to 
a certain extent due to soil acidity w hich in its turn leads to a general impoverish- 
ment of the soil, by removal of available plant foods in drainage water. 

2. Lime is generally used as an ameliorant of soil acidity but wood ashes may be 
used at less cost which by their accumulative effect give excellent results when 
applied with cowdung. Several experiments were tried on the effect of wood ashes 
on various crops and, in spite of many failures, the results available were quite 
conclusive. 

3. Besides furnishing the soil with a potash base as a nutrient carbonate, wood 
aslies reduce soil acidity. There seems to be a definite relation between soil acidity 
and crop production, especially with regard to rahi crops. Accordingly, crop 
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production is higher with the decrease and lower with the increase of acidity. More- 
over, there is a limit of resistance to soil acidity beyond which the rahi crops do not 
grow. 

4. The fact that arhar grows even on an acid soil, whereas oats and jouar fail, 
may be explained by the greater degree of tolerance that arhar naturally p 086 esBe» 
towards soil acidity in comparison with oats and jouar. 



THE EXTENT OF NATURAL CROSS-FERTILIZATION IN 
JOWAR {ANDROPOGON SORGHUM) AT SURAT. 


BY 


G. B. PATEL, B.Ao., 

Pkint Breeding Assistant, Surat. 

In the improvement of any crop, the extent to which natural cross-fertilization 
occur -, the means by which it is brought about, and the possibility of controlling it 
are vital factors to be considered. They may and probably will influence the methods 
to be adopted and the extent to which regular or frequent replacement of seed is 
necessary. 

Cross-fertilization may occur (1) between flowers of the same individual, (2) 
between individuals of the same strain, (*1) between different strains of the same va- 
riety, and (4) between different varieties. Its amount in any year depends on sea- 
sonal conditions like winds, humidity and rain, on the character of the vaiieties 
and the types wnthin them in respect to the relative time and length of the flowering 
period, and to the mechanism of the flower in any particular case as regards the ripen- 
ing of the stigma, anthers and pollen. It also depends on the stigma length as a 
character of the strain or as it is affected by the conditions of growth. 

The jowars of the Su at District generally flower in October and November at 
which time the wind is usually from the north. The opening of the flowers starts 
from 4 to 5 A. M. — the exact tipie depending on the previous night temperature — 
and continues till 9 to 10 a.m. After thi^ time the glumes begin to close. Ex- 
cluding the extreme cases of a few exceptional strains, the flowering period 
’asts for nearly four weeks, each earhead requiring on an average ten days for com- 
pleting its flowering. Flowering begins from the top of the earhead, and proceeds 
downwards in a whorl, both as regards the earheads and the individual spikes of the 
earhead up to a vertical length of nearl}^ an inch per day. Assuming that fresh 
pollen grains are more effective than stale ones, cross-fertilization between flowers 
of the same region is quite likely, as the two feathery stigmas emerge earlier than the 
anthers. Small insects liave also been observed on the earhead at the time of 
flowering, but the part they may play is not yet known 

In jowar selection work at Surat, the seed used for further work is always raised 
from selfcd seed. The whole inflorescence is bagged and thus fertilization bet ween 
flowers of the same earhead is allowed, and normal setting of good viable seed is 
secured without any loss of vigour due to selfing. During the process of selection 
for fixing a type the pollen from any other individual is always excluded, while foy 

< W6 ) 
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securing pure seed of a fixed type, cross-fertilization from sister plants of the same 
type may be allowed, but not from plants of any other strain or variety. 

The facts presented in this note relate to my experience for two years in handling 
seed produced from single covered earheads and to the results of the year 1924-25 from 
an experiment specially designed for the purpose of determining the amount of 
natural cross-fertilization. 

The method adopted in this latter inquiry has been to take plants which have 
bred true to certain characters for at least two generations and expose them in alter- 
native lines to plants in whicdi these characters are different but are equally fixed. 
The characters chosen for testing the extent of cross-fertilizat ion were as follows : — 

(1) Colour of midrib of leaf- white or greenish. 

(2) Anther colour, after wreath ering - yellow, red or brown. 

(3) Earhead texture- compact, semi-cfimpact or loose. 

(4) Grain colour — white, whitish yellow or yellowish. 

(5) Glume character — the extent to which the seeds are covered. 

With regard to some of these characters observations of importance have pre- 
viously been made. It may be not(*d that the colour of the midrib is important, as 
it seems to be correlated with tlie sweet or ]*itliy character of the stem. Hilson,^ 
working in Madras, has observed that a white midrib means a pithy stem when 
the plant is in shot blade and for some time after. Further he has noted that in 
breeding tests the pithy character of the stem, and hence the white midrib, behaves 
as a simple dominant to the sweet stemmed character and hence to the green midrib. 
As shown later, liowever, tin’s cliaracter behaves differently in diflcrent strains. 

In connection with the (|uestion of anther colour. Graham ^ working at Nagjmr 
has noted that in his ex|)erience the colour of the grain can be judged at the time 
of flow(‘ring, the stamens and stigmas of plants giving red grains being orange in 
colour and the colour in the case of types with wdiite or yellowdsh grain being pale 
yellow. This observation, it may be noted, does not apply entirely to the jowars 
at Surat, for there exist both yellow and red anthered types wdth white and 
yellowish grain. 

As regards this matt(T (colour of grain) and the texture of the earheads observa- 
tions have been made by Kottur and Kulkarni^ working at Dharw ar, and they have 
used them as a means of testing the amount of cross-fertilization. Judged by the 
presence of earheads of intermediate texture, and brown grain colour, in the progeny 
of single selected earheads placed at different distances in the field, they have stated 
that contamination from a variety grown round th(^ border of a field varies from 
nothing up to 1 2 p(*r cent, according to the distance from the border. 

Other observations on tin* extent of cross-fertilization have been made by 

R. Boll ^ in America who states that contamination betw een adjacent row's may 

^ Afjri. Jour, /tnlia, XI, pj). ir>4, 155. 

* Mtm. Agrl. India, Hot, *SVr., VilT, No. 4. 

^ Af/ri. Jour, India, XVM, p. 413. 

* (.\ /i. American Breeders* A '^social ion. VJ, p. 103. 
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be anything up to 50 per cent. Graham^B figure (loc. cit,) varies from 0*6 to 20 per 
cent. Naturally the figure would vary according to the position, the nature of the 
variety from which contamination takes place, the distance from the source of 
contamination, and the prevailing environmental conditions. 

Now in the first place it was desired to ascertain with regard to the midrib 
and anther characters above referred to as to what is the extent to which plants with 
these characters can be relied on to breed true when the parent earhead has been 
bagged and so self-fertilization secured, or when an ordinary unbagged earhead 
is taken from the field. 

Midrib character. In 1922-23, it was found that the seed obtained from unbagged 
earheads on green-ribbed plants in selections of Sholapuri jowar bred true, while 
those from white-ribbed plants were variable in this respect. In certain cases they 
bred true ; in others they gave a ratio of white ribs to green-ribbed plants in the 
progeny of 5'3 or 6*4 to 1. 

In 1924-25, in a selection from Ohapti jWar in culture made with seed from 
bagged heads, all the plants from a green-ribbed parent bred true to this 
character — and this not in one but in several selections. In the case of selection 
48 (from a white-ribbed parent) two out of three cultures bred true ; the third gave a 
ratio of white to green-ribbed plants of 2 to 1. 

Anther character. In 1923-24, it was found that the seed obtained from mother 
earheads with red anthers either gave entirely flowers likewise with red anthers 
or flowers with red and yellow anthers in various proportions from 2‘9 to 5*3 to 1. 
Where the mother plant had yellow anthers, however, the progeny bred true in this 
respect. This latter fact was also the case in a series of cultures made in 1924-25, 
when agam red or brown anthcred mother plants gave very variable results, red 
or brown anthers being 1*7 to 4*1 times more numerous than yellow anthers in the 
progeny. 

We have thus a clear method of determining the extent of cross-fertilization 
by observing these characters. If seeds from strains are taken which have a green 
midrib and yellow anthers, the progeny will breed true to these characters unless it 
has been crossed with a strain with white midribs to the leaves or with red or brown 
anthers. 

Such strains were, therefore, selected for the experiment in 1923-24, the ones 
chosen being Budh-Perio 9 ’’ and “ Sholapuri I.” The characteristics of each are 


shown in the following table — 





Character 


Budh-Perio 9 

Sholapuri I 

Midrib of leaves 
Anther colour 
Earhead texture 
Ora|n colour , 

• • • • • 

• t • • • 

# • 

• • 

• « 

1 f 

Green 

Yellow 

Compact 

Yellowish 

White 

Red 

I.OOS0 

Whitish 



NATUKAL CROSS-FERTILIZATION IN JOWAR 


369 


Tlie strains used represented the prop^eny of selfed earheads and were pure as to 
the characters considered. The flowering time was practically identical. Two 
rows of Budh-Perio 9 were planted immediately to the south of several rows of 
Sholapuri I and the seed from each row of the former was preserved and sown. 
The distance between the rows was three feet, so that the first row was three feet 
and the second row was six feet to the south of the first line of 8holaj)uriyoicar. 

The result was observed in the cro]) of 1924-25, taking the progeny of six different 
plants selected at regular distance from each row and the amount of crossing judged 
by the number of plants with white midribs to the leaves and rod or brown anther 
colour. The results are shown in the following table. 

No. of plant No. of plants with No. of plants with 

characters of mother white midnb, red an- Percentage of crossed 
thers, semi -compact ])lants 

earliead 


1. Row of Budh-Perio 9, three feet distance from Sholapuri I. 


1 

• 

53 

15 

220 

2 

• 

. . . . 66 

22 

260 

3 


84 

13 

134 

4 

• 

. . , . 64 

24 

27-3 

5 

• 

. . . . 74 

16^ 

16*8 

6 

• 

52 

43 

46-3 



Total average 393 

132 

26-0 



II. Row of Budh-Perio 9, six f(‘et distance 

from Sholapuri I. 


1 

• 

T2 

7 

8*9 

2 

• 

72 

7 

8-9 

3 

• 

• • . . 66 

28 

31-8 

4 

• 

69 

29 

33-0 

5 

• 

60 

31t 

38*3 

6 

• 

• . . . 64 

2Ct 

29*0 



Total avbbaqb • 377 

128 

260 


* One of these plants had green midrib, red anthers, and semi-compact head. 

{ Five of these plants had green midribs, red anthers and semi-compact heads. 
One of these plants had green midrib, rod anthers and semi-compact head, 
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The naturally crossed plants had their leaves with white midrib and earheads 
with brown anthers, the head being of a semi-compact character.^ The anther colour 
was not truly red and appeared to be intermediate between that of the two parents. 
The grain colour was also intermediate between that of the parents. 

The extent of cross-fertilization varies from 13 per cent, to 46 per cent, in the near- 
er row, and from 9 per cent, to 38 per cent, in the second row from the Sholapuri I 
type. Not a single one of the heads used as representatives (taken fairly equidistant 
along the rows) had been unaffected by the nearness of the contaminating type. 
It is curious to find that the average amount of crossing is the same in the second as 
in the first row (though the maximum and minimum are lower in the second row), 
and it suggests that some other influence than that of the wind is at work, probably 
insects. 

Inconclusion,itseemsclearthatunderthecondition8prevailing at Surat, natural 
cross-fertilization takes place to the extent of 25 per cent, on the average 'nijowar 
grown three feet apart, and that under these conditions not a single plant examined 
up to six feet away escaped contamination. This shows how important it is in breed- 
ing work with this crop that the original basis for multiplication should be taken 
from bagged plants, that seed from strains tested side by side with other types should 
be rejected for further multiplication, that in seed multiplication only compact 
blocks should be used, and that when distributed for general use, enough seed should 
be given out in one area at one time to ensure that practically all the planting in that 
area should be of the improved type. 


1 Ono of tlie Madras workers has noted that the oj)en*head charactt*r is dominant over the compact 
head — Jour. Madras Agri. Students' Unio/iy XU, No. I (1924). 



CO-OPERATIVE ORGANIZATION AND THE DEVELOPMENT 
OF THE SEED INDUSTRY IN DENMARK, 


BY 

W. J. JENKINS, M.A., B.Sc., 

Deputy Director of Agriculture, North Central Division, Boinbay Presidency. 


The rapid development of the Danish seed industry during the past 25 years 
is one of the most striking features of agricultural progress in that country. At 
the beginning of the present century, only small quantities of different varieties of 
farm and garden seeds were produced. These were almost entirely used for local 
consumption. Now, a highly developed and commercialized industry has been built 
up, which, through a large home demand and an increasing ex})ort trade, contri- 
butes in no small degree to the agricultural prosperity of Denmark. The history 
of this development and, in particular, the important part whi(‘li co-operative 
organizations have played in it, may be of interest to those interested in the im- 
provement of Indian agriculture. 

The seed acreage in Denmark rose from 10,500 acres in 1907 to 10,000 acres in 
1912. During, the Great War, this figure increased rapidly, reaching, in 1919, the 
total of 85,500 acres. Such an abnormal development, due to economic causes 
produced by the War, could not be maintained. From 1920 onwards a rapid 
decrease occurred due to low prices, consequent on over-production. However in 
1922, the Danish seed acreage was about normal, i.e., 40,000 acres, and stable 
conditions seem to have established themselves once more. 

The climatic and general agricultural conditions of Denmark are well suited to 
cultivation for seed production. Large quantities of grass, root and vegetable 
seeds of excellent quality are produced annually. About 75 per cent, of the total 
seed acreage is devoted to the production of grass seeds, which are in great demand 
on the Continent of America and in other European countries. The development 
of the well-known and important dairying industry of Denmark has given consider- 
able stimulus to the growth of improved root crops. C-hieily in response to this home 
demand, about 15 per cent, of the Danish seed growing acreage is under mangolds, 
swedes, turnips, carrots, etc. Since the War, there has been a large export of root 
seeds from Denmark to other countries and this is not likely to decrease. In 
addition, a considerable sugar-beet industry has been established and the future 
prospeots of seed production for this crop are most favourable. A large acreage is 
grown for the production of seed of important vegetable and garden crops, especially 
cabbages, but also cauliflower, radish, spinach, garden beets, etc. 

( 371 ) 
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present position of the Danish seed industry has not been reached without 
many temporary set-backs and without experience of periods of depression and ad- 
versity. In spite of these the industry has flourished and has become a very import- 
ant branch of Danish agriculture. The present organization eminently efficient 
and essentially commercial as it is, could not have been developed without the close 
co operation of seed growers, scientific experts, State agricultural institutions and 
commercial concerns. Co-operative production and co-operative distribution, 
combined with a realization of the value of scientific research and the practical appli- 
cation of scientific results in agriculture and commerce, have made possible the or- 
ganization of the industry and have stabilized its position. The methods by which 
this has been done are no less interesting than instructive and point a definite object- 
lesson to agricultural co-operators in all parts of the world. 

Since the early eighties, the co-operative distributive societies of Denmark had 
undertaken the distribution of seed and manures to their members. The demand 
for improved quality of seed for home consumption largely dates from the formation 
of the State Seed Testing Station in 1891 . This institution — the history and functions 
of which are described later— has taken a very prominent part in the development 
of the Danish seed industry. In 1896, the Co-operative Wholesale Society of 
Denmark was formed by the amalgamation of two large associations of co-operative 
distributive societies. As the membership of the society was almost entirely drawn 
from the agricultural population, it is not surprising that the distribution of good 
seed was a very important item of the new wholesale society’s business. To begin 
with, the society obtained its seed for distribution to its constituent distributive 
societies from the better farms and appointed seed experts to supervise and control 
production. Succeeding developments of this work were the purchase of a seed 
farm in 1904 and the renting of a large area in 1911 at Lyngby near Copenhagen. 
At those centres, the Co-operative Wholesale Society conducted experimental work 
on the; improvement of farm seeds and produced specially guaranteed strains 
for distribution to its members. This work met witli the immediate approval of 
the agricultural societies in the country and the farmers very quickly realized the 
benefit of this scientific work done under the direction of their Wholesale Co-operative 
Society. The result was the formation of the Danish Farmers’ (.^o- operative Associa- 
tion for Seed-growing in 1906, a co-operative society of seed-growing farmers, whose 
combined acreage must now be almost 30 per cent, of the total seed-growing acreage 
of Denmark. 

The aim of this association is “ to promote the growing of good seeds and seed 
corn and to improve the method of trading between the grower and the consumer 
as also to form a profitable sale of good seeds at home and to foreign countries.’' 
In 1924, the writer was enabled to visit the headquarters of the D. L. F. as the Co- 
operative Association for Seed-growing (Danske Landboforeningers Froforsyning) is 
termed in Denmark — at Roskilde, near Copenhagen. At this place, are situated the 
offices of the association and most commodious and up-to-date warehouses and stores. 
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equipped with the most modern machinery for cleaning and drying all varieties of 
farm and garden seeds. Special winnowing and drying machines for different types 
of se(id are installed and clean durable products of the highest grade are secured. 
In addition to the headquarters at Roskilde and other store-houses at different centres 
in the country, the D. L. F. possesses three trial farms, conducted by scientific 
agriculturists and specialists in seed cultivation. On these farms, the improvement 
of existing strains and the production of new and better strains of seed are under- 
taken. 

The membership of the Danish Farmers’ Co-operative Association for Seed- 
growing is confin(‘xl to members of the Danish Agricultural Societies, and eacli new 
member admitted must be recommended by the Committee on Plant Culture, 
appointed by the association of these societies. This precaution ensures that only 
ca])able farmers can become growers to the D. L. F. The actual production of secxi 
for the association is done by its 2,700 members, all approved seed-growing farmers. 
The association supplies its seed growers with selected stock seed. All the fields 
of seed-growing members are carefully supervised during growth by an expert staff 
employed by the association. The members of the association, i.e., the seed growers, 
are on contract and have to provide a guarantee to the association of 100 kroner })er 
hectare (2*47 acres) under seed crop. They must further bind themselves to grow 
only selected stock seed provided by the association, to adopt special precautions 
against cross-fertilization and mixture and not to grow a similar crop on any part of 
their land from seed obtained from other sources. The members of the association 
ai e ]>aid for their seed on delivery at one of the warehouses, and deductions are made 
if, on analysis, the sample does not reach the requisite standard of ])urity and germi- 
nating percentage. Members are also paid a percentage on their share in tlie capital 
fund of the association which is formed by deduction of a certain percentage of the 
purchase price of the seed. Two per cent, of tlie total money received goes to a 
reserve fund which is paid out to members wlien a definite limit is reached. 

The relations of the Danisli Farmers’ Co-operative Association for Seed-growing 
with other co-operative institutions and with the State, both in the production and 
distribution of its seed, form a most interesting study in practical and efficient 
co-operation. These relations are typical of the co-operative movement in Denmark 
and give to it no little part of that endurance and stability which are the admira- 
tion and envy of co-operative workers in other countries. 

On the side of production, the agricultural societies of Denmark appoint a special 
control committee, known as the Inspecting Committee. Tliis committee consists 
of well known experts in seed production and in the seed trade, and it has the powei 
of directing the production of the seed-growing association and of deciding what 
varieties of seed should be grown after taking into consideration the requirements 
of the consuming trade. In addition, as mentioned above, only members of 
agricultural societies can become members of the D. L. F. and must be 
previously recommended and approved by a committee elected by the societies. 
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Co-operation between the Danish Farmers’ Co-operative Association for Seed-grow- 
ing and the State is found in a mutual assumption of responsibility for the quality of 
the seed for distribution. The beat strains produced on the association’s farms are 
sent to the State experimental farms for comparative cultivation tests and no seed 
is issued as first class by the association unless it has been classified as such by the 
experts at the State experimental stations. Moreover, all seed supplied b}" the 
D. L. F. is sold under a guarantee of analysis and germinating percentage, supplied 
by the State Seed Testing Station, and seed for export is delivered in sealed bags 
with ^uch a guarantee enclosed. 

On the side of distribution, the seed growers’ association co-operates with the 
Co-operative Wholesale Society of Denmark, which in 1924 comprised 1,860 local co- 
operative distributive societies and ‘‘ stores ” with a total membership of 400,000. 
Through the agency of these local ‘‘stores,” the improved seed, produced by the 
member seed growers of the Danish Farmers’ Co-operative Association for Seed- 
growing, is distributed to farmers and small-holders all over Denmark. Thus 
the entire retail trade of the association is handled by the seed department of the 
Co-operative Wholesale Society, and a most efficient agency between producer and 
consumer has been organized on entirely co-operative lines. The grower is guaran- 
teed a good and reliable market for his ])roduc(;, and the farmer and member of a 
local co-opcrativ(i distributive 80 (;iety can rely upon a supply of pure clean guaran- 
teed seed of the most superior strains. In addition, the system of co-ordinated 
control of both the Co-operative Wholesale Society and the C^)-o])erativc Associa- 
tion for Seed-growing enables these institutions to regulate the acreage and output 
of improved farm seeds and to conduct their seed business on a thoroughly com- 
mercial basis and with the greatest possible profit and benefit to their members. 

The Danish Agricultural ^'ocieties have been mentioned several times in the fore- 
going paragraphs, particularly with reference to the control which they exercise over 
the direction and management of the Danish Farmers’ Co-operative*. Asso(*iation for 
Seed-growing. Apart from the more commercialized co-o])erative undertakings 
in Denmark, there exist a large number of local agricultural societies in different 
districts of the country. These societies are maintained by members’ subscri})tions, 
donations, and State subsidies. They exercise a general supervision over agricul- 
tural and co-operative matters in their area of operations and include, within the 
scope of their activities, such varied subjects as the organization of live-stock 
shows, schemes for co-operative land improvement, field experiments and asistance 
to small-holders, etc. They conduct propaganda work in favour of growing im- 
proved seed and assist the seed-growing association in the control and supervision 
of seed growers. These societies, either singly or in groups, maintain advisory 
officers and experts to assist their members in agricultural matters and to bring the 
results of scientific research into general agricultural practice for the benefit of the 
farming classes. The Associated Danish Agricultural Societies is the all-Denmark 
organization of these local “ farmers ’ societies.” It represents 5 provincial associa- 
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tionB, including 137 local societies with neaily 120,000 members, and wields consider- 
able power in the direction of agricultural policy in Denmark. 

The development and expansion of the Danish seed industry and the world- 
wide reputation for purity and quality which is attached to Danish farm and garden 
seed is largely traceable to the work done by the Danish State Seed Testing Station. 
In 1871, average samples of grass seed from different farms in Denmark showed only 
25 per cent, of pure seed able to germinate. In that year, a Seed Testing Station was 
founded by private enterprise and under private control. After twenty years, 
similarly collected samples gave 80 per cent, of good quality seed and the value of 
a seed testing institution was recognized and appreciated by fanners and reputable 
seed dealers alike. In response to public demand the Seed Testing Station was taken 
over by Government in 1891 and, at the present day, fully 30,000 samples of seed 
are tested there annually. Space does not permit of a detailed account of the system 
of “ automatic control ’’ which is adopted by the Danish State Seed Testing Station 
to ensure that the high quality of Danish grown seed for home consumption or for 
export is maintained. In short, seed dealers, societies and private seed 
growers voluntarily sign an agreement with the station, guaranteeing the purity 
and germinating percentage of the seed retailed by them. The State Seed Testing 
Station maintains a “ control ” by obtaining samples, either from purchasers direct 
or, by means of its officers, from consignments and shipments under delivery. Such 
samples are reanalysed and, if not found according to guarantee, comju'nsation is 
paid by the seller to the purchaser, in accordance with the regulafions of the station. 

It is obvious that such an arrangement, however bcjielicial it may be to all the 
parties concerned, is dependent for its successful working on a very high standard 
of co-operation. However, about two-thirds of all the seed retailed in Denmark 
is under this “ automatic control by the State Seed Testing Station, including all 
the seed produced by the Danish Farmers’ Co-operative Association for Seed-growing. 
The management of the Seed Testing Station is conducted by the Department of 
Agriculture with the assistance of an advisory board wliich includes farming and 
seed trade representatives. In no country in the world is the control of seed, used 
locally or exported, so carefully and so comprehensively done, and the most note- 
worthy feature of the system is that it has resulted, without any juessure of law, 
from purely voluntary co-operation of those interested. 

In India, the economic uplift of the great mass of the population is intimately 
dependent upon the improvement of agriculture. The methods by which such im- 
provement is introduced and established cannot be closely modelled on work done 
in other countries. These must be devised to suit special conditions prevailing in 
India and must be adapted to the needs of the country and its cultivators. The 
history of the development of the seed industry in Denmark illustrates — what is 
now generally accepted in India — that co-operation and co-operative organization 
is the “ royal road ” along w hich the main advance must be made. The improve- 
ment of agriculture cannot rely merely on an appeal to the larger and more in- 
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flueritial cultivators, but depends for its fulfilment on the establishing of a desire for 
a higher standard of living among the masses of the rural population. This can 
only be induced by co-()f)cration in the widest meaning of the term. Combination of 
effort, in cheapening production, in improving outturn and in raising the standard 
of quality and value of produce, must result in a betterment of the position of the 
agriculturist. The history of agriculture in Uenmark is a remarkable testimony 
to the results achieved by co-operative organization allied to agricultural science 
and research. In India, though the way may be long find the difficulties great, a 
similar combined elTort on the part of organizer and expert cannot fail to produce 
results which will add most considerably to the profits of agriculture and to the pros- 
perity of those engag(id in this primary industry of the country. 



lilDGE OULTIVATIOiS^*^ 


BY 

Hao Smikh BJIIMBHAI M. DKSAl, 
Deputy Dir a tor of Agriculture^ Gujarat, 


From the begiiining of tlie Siiriit farm in 1890 to 1920, all possible ehorts by 
manuring, cultivation and rotation were made to increase tlie yield of tlie staple 
crops, but the results were found fluctuating, irrespective of the season and the 
treatments given. A critical study by Dr. Mann, Director of Agriculture, Bombay, 
Mr. Kliaiidubhai B. Naik, the then Superintendent of the Surat farm, and the 
writer revealed the fact that sonui unknown factor overshadowed the efforts ol the 
past experimenters. It was decided to grow cotton and juar (sorglium) on raised 
beds or ridges (Plate XX) to avoid water-logging occurring on the Hat (Plate XXI), 
and secure thorough aeration to tlie roots of the growing 2 >liint‘S. The early efforts 
in 1920-21 indicated the ])ossibility of growing better crops on ridges, and showed 
that ridging was a most important and limiting factor towards further progress in 
scientific tackling of tlie local black cotton soils in increasing the yields of stajile 
crops (Plate XXII). Analytical experiments to study tlie methods of ridging with 
shallow or deep intertillage, w^ith or without manuring in different ways, gave very 
encouraging results on an average for the last three yeais. They showed an in- 
crease of 24*4 per cent, seed-cotton, and 2()’8 per cent, juar grain, without any 
manurhig, by ridge cultivation. The combined effect of ridging and manuring all 
buried in the furrow' resulted in the increase of i2*() per cent, seed-cotton, 43‘5 per 
cent, grain and 48 (3 per Qcui.juar fodder. 

The question of the size of ridges can only be settled according to local require- 
ments of the situation of the soil in the monsoon. Wherever the evil of water- 
logging is greater, liigher (PP') and largcir (5' ajjart) ridges have to be 
prepared ; and where the water-logging is partial, the lower (9" high) and smaller 
(3' a])art) ridges will do. The former are costly in their initial cost, but they are 
permanent, lasting for four to eight seasons. The latter are temporary and much 
cheaper, but have to be renewed every year. Tests made in 1923 on lower and 
smaller ridges increased the yield by 17 per cent, as compared with 22 per cent. C)n 
higher and larger ridges. Tliis modified method is being applied on a large scale 
in the Surat District — over nearly 1,300 acres in 1925 — some well-to-do cultivatois 
having purchased their own necessary implements. 


*Pa],)<3r read at the Indian Science Congress, Bombay, January 11)20, 
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Methods of prbpaeing ridges. 

(а) Small ridges S'" high and 3" apart. There are three favourable periods to 
prepare ridges of this size, (l)in wheat or tabi jnar fallow lands having sufficient 
mulch in March- April by Middle Breakers or Middle Busters (Plate XXIIl) requiring 
one pair of bullocks ; (2) taking advantage of favourable breaks in June- July 
by working Middle Breakers or Busters ; and (3) by inter-ridging jmr grown 3' 
apart in September-October by Middle Busters. This method is beneficial to the 
standing juar crop itself, which pays more than the extra cost of working, besides 
leaving the ridges useful for the next cotton crop. The interculturing between 
the ridges is done by the McCormick cultivator (Plate XXIII). 

(б) To get the maximum benefit, ridges 5' to 6' apart and 14" high sliould be 
prepared. This is done by ploughing the land immediately after jfwr harvest with 
Ransomes’ Gallows plough, and then moulding the ploughed land into ridges by 
big Ransomes’ ridgers (Plate XXIIl). This operation requires usually 2 to 3 pairs of 
bullocks, but the cost would be reduced to Rs. 20 or so per acre by tractor-plough- 
ing, and exposing the land for a couple of months ; then discing the land and 
ridging the same. 

The intercultivation in the case of cotton is done by a reversible disc harrow 
by in- throw and out- throw arrangements. During favourable breaks in June- July 
the reversible disc harrow by in-throw arrangements can prepare ridges 5' broad 
and a foot high in three repeated operations costing Rs. 8 per acre with a single 
good pair of bullocks. In the case of juar drilled 2|' to 3' apart on ridges, the 
Middle Busters are used for late intertillage. The ridges thus made are 
remodelled into higher and broader ridges (making two ridges into one), simul- 
taneously removing the stubWes and burying the manure if applied in the same 
operation. 

The same method has a great scope of development in areas of high rainfall, 
where crops like cotton cannot be grown successfully at present. Again, there 
would be a large scope for opening up a new field in rabi sowings with Lister cultiva- 
tion in wheat, rabi juar, gram, val (D. lablab)^ etc., in the Bhal tract of Ahmedabad, 
Mai tract of Kaira and Southern Surat District by application of the converse prin- 
ciple to take advantage of the lower sub-soil moisture hitherto lost sight of by the 
ordinary cultivator. 

Further, the same method can be advantageously tried for the kharif cereal 
crops of North Gujarat to preserve more moisture in scanty rainfall years, by clos- 
ing the ends of the furrows towards the end of the rainy season. These latter two 
are to be further tried before actual facts could be placed before the Congress. 

DtSOXJSSXOK. 

Mr. Gokhale wished to know if the enhanced crop yields from this type of cultivation in the 
Surat District persisted over a number M years, and if, after the land had been ridged for cotton 
cultivation, any improvement was noted in the following yuor crop. 



PIj\TE XX. 



PROFUSE DR.AIN.AGE AND STORING OF WATER IN THE FURROW AFTER 6 INCHES OF RAIN- 


PLATE XXI. 



OVERSATURATION AND STAGNATION OF BLACK SOIL AFTER 6 INCHES OF RAIN. 
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^Bao Saheb Bhimbhai answered both these questions in the affirmative. He pointed out 
that the ridges were repaired annually at a small cost as damage was caused by heavy rain» etc. 
Jwir grown on ridges showed great root development and gave much better results than when 
cultivated by the ordinary local methods. 

Mr. Thadani mentioned that a system of ridge cultivation for the cotton crop was in vogue in 
Sind but the ridges were removed by cross cultivation. He feared that more oi less peimanent 
ridges would result in inferior soil aeration. 



JUTE CULTIVATION IN THE UNITED PROVINCES. 


BY 

T. R. LOW, M.A., R.Sc., 

De/puly Director of Agriculture^ CcMtral Circle, United Provinces. 

In The Agricultural Journal of India ” for November 1921, there appeared 
an account of some preliminary experiments on jute cultivation in the Sitapur 
District of the United I’rovinces. It now seems desirable to note on the continuation 
of these experiments, and to trace the progress that tliis crop has made towards 
becoming a commercial product of the district. 

After the results obtained by the 1920 trials it was decided to increase the area 
under jute and in 1921 two inaunds of seed, variety R. 85 ((7. capsularis), 
obtained from Dacca and sown ])y cultivators in village Saniodidhi. In addition 
to this, 10 maunds ((). capsularis) and 3 rnaunds (C. olitorius) seed saved from 
the previous crop was also distributed by departmental agency in various villages 
where the crop had previously proved successful. This seed, allowing for wastage 
and failure, gave a total area of about 90 acres of jute. 

Under arrangement witli the growers a portion of the resulting crop was allowed 
to seed and the Fibre Expert to the Government of Bengal purchased 53 maunds 36 
Sixers of seed for Rs. 808. The olitorius seed was reported as being of excellent ger- 
minating capacity and full current price was paid for it, but the capsularis was not 
so satisfactory, in some cases the germination being as low as 77 per cent. 
The cultivators whose seed was not taken for Dacca sold their crop as fibre in 
the local markets, obtaining an average price of Rs. 12 per maund for their produce. 

The crop liad now become better knowm and was becoming distinctly popular, 
many enquiries and requests for seed being received, and in 1922 the area again in- 
creased. Fourteen maunds of seed were distributed by the department, two maunds 
of wtiich was fresh seed obtained from the Fibre Expert. In addition to this, many 
cultivators had kept their own seed from the previous crop which they resowed. 
During the rains of this year very bad floods were experienced in some parts of 
the ganjar tract and the ordinary kharif crops were nearly a total loss. 
The jute crop also suffered to some extent, but the early sown capsularis stood 
up well and in October was practically the only crop surviving in these flooded 
areas. Nine maunds of seed was again sent to Dacca from this crop and fetched 
Rs. 162 but the same complaint of low germination was again received. 

In 1923, owing to its success during the floods of the previous year, the demand 
for s(hk] greatly increased and many enquiries regarding the cultivation of the crop 
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were received from zemindars and cultivators of the adjoining districts of Kheri, 
Bara Banki and Bahraicli, wlicre conditions are to some extent similar to those 
obtaining in the Sitapiir District.. Thirteen and a half maiinds Dacca and niaunds 
departmental seed were distri})iitcd, the cultivation being carried out a:-’ far as jiossible 
under our supervision. It is known that 804 S('panite cultivators grew the crop 
during this season. 

During 1924, the area again increased and was estimated at 910 acres and the 
Deputy Commissioners of Sitapur and Kheii Districts very kindly gave orders that 
in future the area under this crop should be noted by Ihitwaris ; the figures thus 
obtained should prove valuable in estimating the spn^ad and distribution of its 
growth. In 1925, the area in Sitapur and Kheri Districls was 1 ,800 acres sown 
from seed distributed through (Government agencies. The real area under this 
crop was, I have no doubt, in excess of this, owing to /.(nnindars and cultivators 
retaining seed for sowing from previous cro])s. 

Up to 1921, except during the first year of the original ex])eriinent when the 
fibre produced was sent to Calcutta jut(‘ mills for exjNuiiiarion and report, the culti- 
vators had been selling their fibre in the local markets and had obtaim'd a very fair 
price, but the crop having passed the experiimnital stag(‘ and having obtained a 
real footing, it became of primary importance to endeavour to establish a p(‘rnianent 
market where they might obtain a price more in accorda)ic(‘ with tlie real vidue of 
their j)roduce. 

It was not possible for several reasons to continue t he pnre}ias(‘ aiul despatch to 
Bengal under de])artiuental arrangenients of tlie fibre ])roduee(l, so during August 
1923 the Fibre Expert to the (Government of Bengal visited the jute area in company 
with the Director of Agriculture, Cnited Brovinees, and myself with tlie object of 
seeing the crop in hUv and of discussing the cj uestion of t he establislimeut of a market. 
Unfortunately owing to very heavy rains aiul Hoods W(' were unable to penetrate 
into the real ganjar area and were only abh^ to se(‘ some jute eio])S on tin* (rparhar 
or higher land on the west bank of the Sarda river wliieli were iiot t>f tin best. 

With the co-operation of tlie Fibril Expand, however, endeavours wer(* made to 
induce a firm of Bengal jute l)rokers to gend an agent u]) to tin* district to purchase 
the crop and pay the cultivators for their ])rodiiee on flic s])<)t. This arrangement, 
unfortunately, did not materialize and f lui ])osition lemained as l^eiore, tin* culti- 
vators selling their crop as fibre in the local marknds. Owing to the s])read ol jute 
cultivation the fibi’e was, Innvever, becoming well known in these maikets, and the 
average price per mannd obtained in 10 of such markets was Bs. 14-12 and Rs. 12-1 
in 1923 and 1924, respectively, while sann-li<‘m]) tibre was let cliing about Ke. 1 
to Rs. 1-8 per niaund less. In 1925, it is estimated that 13.000 mannds of jute 
came in, the bulk of which was purchased by agents of various Jkmgal jute concerns. 
On a rey)resentation from these agents I have arranged with the railway company 
concerned for preferential rates unch'r certain conditions, lor the (arriage oj jule 
fibre from Lakhimpur to Howrah. The original ditUculty of obtaining a satisfactory 
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market would seem, therefore, to have been solved, provided that the area of jute 
sown and the quality of fibre produced can be maintained. 


Summary. 

As a result of the careful preliminary experiments carried out it was proved that 
this crop is suited to the special conditions that obtain in the ganjar tract of the 
United l^rovinces, and subsequent experience has borne out the fact that if careful 
attention is paid to the selection of suitable land, and care taken with the preliminary 
cultivation and growth of the crop, particularly in its early stages, very fair crops 
of jute can be produced. It has also been shown that in the ganjar^ provided the 
crop is sown early while sufficient moisture remains in the soil to give it a good 
start, irrigation is not necessary. Yields of over 25 maunds per acre have been ob- 
tained under these conditions. In the uparhar tracts jute sown on the rains 
gives quite a satisfactory yield but the produce is not equal to that known in the 
ganjar. 

The area has increased from 90 acres in 1921 to 1,800 acres in 1925, and this 
has been brought about largely on the crop’s own merits and popularity with the 
cultivatoivS, it having been impossible for the department to make widespread efforts 
to increase its cultivation owing to the reduction of the specially trained jute staff 
obtained from Bengal and also owing to certain diffidence on my own part to en- 
courage the extensive cultivation of a crop the produce of which might have to be 
disposed of at unfavourable rates. 

As was pointed out in the preliminary note on this subject, if this crop is to become 
a commercial produce great attention will have to be paid to educating the cultivator 
to market a high grade of produce, as the margin between inferior and good quality 
jute is very considerable, but to do this extra financial aid will be necessary for the 
employment of wholetime specialists to tour extensively in the jute areas to instruct 
the individual cultivators. 

In conclusion, it may be said that provided arrangements can be made for satis- 
factory sale of the produce, and at present it would appear that there is no difficulty 
in disposing of jute fibre locally at remunerative prices, there is no reason why 
jute cultivation should not rapidly extend and why the growth of this crop should 
not be of considerable benefit to the cultivators of the ganjar area, where owing 
to floods the growing of ordinary Jeharif crops is precarious. 

I have again to acknowledge the help afforded to the department by Mr. W. C. G. 
Dunne, M.B.E., Special Manager, Court of Wards, who has rendered every assistanc<^ 
in popularizing this crof), and also that of the Revenue staffs of Sitapur and 
Kheri Districts, and finally that of the district agricultural staff who have been 
iu direct charge of all field work, 
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fNVESTIGATIONS IN AGRICULTURAL SCIENCE AT 

ROTHAMSTED. 

BY 

Sir EDWARD JOHN RUSSELL, O.B.E., D.Sc., F.R.8., 

Director, Rothamsted Experimental Station. 

The Rothamsted experiments began and grew up in typically British fashion. 
They were started by John Bennet Lawes 83 years ago on his own land and at his 
o\Mi cost for the jnirpose of showing him how plants grow. They were planned so 
well and made so thoroughly that they yielded much wider information than was 
expected, Th(i information was freely given to farmers who, in return, in the year 
1855 — long before the days of agricultural education — subscribed to build a laboratory 
in which the necessary scientific work could be done. This was the first scienti- 
fic laboratory to be built by public .subscription (Plate XXIV, fig. 1). To the end 
of the century Lawes and his colleague Gilbert worked together, the longest scienti- 
fic partnership in history, always at the sole expense of Lawes-^iii conformity with 
the ideas of private enterprise and self-help held by the great Victorians : repeating 
the same field ex])eriments year after year because they continued to give fresh in- 
formation. Finally before his death, Lawes set up a Trust which he endowed with 
£1 00,000 to Carry on the work in perpetuity. Lawes and Gilbert have been dead 
for more than 25 years, but the work still continues without change of tradition, 
purpose or policy : the changes in the Trust Committee have been few and in- 
frequent ; indeed, one of the original members. Professor H. E. Armstrong, is still 
with us ; there have been in the whole 83 years only two directors before my appoint- 
ment. 

No other agricultural experiment station in the world has so long a histc ry 
possessing so many unique features. The unchanging tradition of the place is that 
all the work shall be of the highest attainable standard ; that the smallest decimal 
point shall be as trustworthy as it can be made. The long experience of the station 
shows that trustworthy work is always valuable ; we are repeatedly, even to-day. 


’•‘Papor read at the Royal Society of Arts. Reprinted from Jour. Roy. ^oc. Arts^ No. 3824? 
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using figures obtained 60 or 70 years ago and still finding them helpful. The purpose 
of the work has always been to obtain knowledge ; knowledge of plants and soils, 
rather than to show farmers how to obtain more money. This too is justified b}? 
events, for the knowledge is pennanentand helps the farmer in all conditions, while 
the practical advice must change continuously from farm to farm and from year 
to year. Finally, the policy has always been to put the information obtained in 
such form that students, teachers, experts and leading agriculturists could use it 
as a foundation (m which to build up the particular recommendations to be made 
to farmers to meet the particular conditions of the time. 

All this remains, and let us hope always will remain, unchanged. But the work 
has altered and expanded enormously ; it is carried on by a staff of 40 vigorous 
able scientific workers and an equal number of competent assistants ; the laboratories 
have been entirely rebuilt in recent years on a much enlarged scale. The station 
has far outstripped its original resources, and now, in accordance wdth the spirit 
of the age, it receives substa?itial state aid through the Development Fund and 
Research Funds, administered by the enlightened and sympathetic staffs of the 
Development Commission and the Ministry of' Agriculture. The attitude of the 
farmers is as sympathetic as ever, and tlic chief agricultural bodies, the Royal Agri- 
cultural Society, the National Farmers’ Union, the (.^'entral Landowners’ Association, 
the Central Chamber of Agriculture, the Farmers’ Club, Workers’ Unions, and 
other organizations all recognize the imperative' nc'cessity for scumtifie research as 
the basis of agricultural education. 

The first achievement of Rothamsted was the discovery that certain simple salts 
already known or tliought to be plant foods could be used on th(‘ farm to increase 
farm crops. Before tliat time*, farmyard manure had been tln^ ri'cognized manure ; 
it is of course highly efficient, but can neviir be obtained in large (juantitics ; the 
out])ut of liunian food from the farm was limited by the siip})lies of farmyard manure. 
After the discovery of artificial fertilizers the yields rose ; wheat increased from 
20 to 30 bushels per acre. Wages were low and prices Iiigii ; crop ])roduc.tion was 
profitable. Then came the great changes of 40 years ago, wdien transport developed 
an 1 the exjiloitation of the vast virgin ri'gions o* the world bi gan. Food was ])oured 
into this country at prices with which our farmers could not compete ; the idea of 
safe-guarding or sheltering th(3 industry was not entertained, and agricultur<? suffered 
terribly. There emerged, by the cruel process of elimination, the result that the 
farmer should produce only those things for which his laud was well suited and 
for which his m ukets were good ; fanning, in short, became a study in adaptation ; 
finding out what crops would grow best, eliminating those that wmuld not grow 
we’l and concentrating on those that would. The adaptation is never perfect in 
Nature ; something has to be done to the soil to make it suit the plant, and some- 
thing to the plant also to make it a little more suitable to the soil. The better the 
plant fits the soil the better is the chance of succe s, and the aim of the scientific 
agriculturist is to get a perfect fit. 
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The Rotimmsted workers study the methods of altering the soil and of effecting 
minor changes, fine adjustments, so to speak, in th(? plant ; the first business of 
producing a range of plants suited to different soils and climatic conditions being 
done by plant breeders elsewhere. 

One of the simplest means of improving the soil for the growth of crops is to 
add manures, farmyard manure or a mixture of artificial manures. The manured 
plant is larger than the unmanured, and so the yield increases. But it is not a 
photographic enlargement ; there is always some distortion. Nitrogen compounds 
enlarge the leaves and stems more than the roots ; phosphates enlarge the roots 
more than the leaves. This is shown in Plate XXIV, fig. 2 where an unmanured 
swede is compared with others manured respectively with phosjihate and nitrogen 
flus phosphate. The relative weights of the plants when the unmaniired is put at 
100 ate 
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All crops are of course dependent on their leaves, and most crops, with the general 
exception of the leguminosm, to which I shall refer later, re8})und to nitrogenous 
manure. But for some crops abundant leaf growth is especially important, therefore 
they always receive nitrogenous fertilizers, e.g., crops grown entirely for their leaves : 
including fodder crops such as cabbage, kale, hay, green rye, etc.; or crops which, 
though not used for their leaves, make heavy demands on them, e,g., potatoes and 
mangolds. 

The Rothamsted experiments have brought out the interesting fact that there 
is curiously little variation in the effect of nitrogenous fertilizers from year to year. 
The average increases from the use of sulphate of ammonia are given in Table 1 ; 
results of the same order, for some crops larger, could no doubt be obtained by 
nitrate of soda or nitrate of lime in equivalent amounts. Within limits it does not 
niuch matter whether one starts from a low or from a relatively high level ; the 
action has thus something of an additive ’’ nature. About 40 or 50 per cent, of 
the nitrogen is utilized and the rest on present methods is lost. This loss of nitro- 
gen is one of the serious problems still before the investigator. The effect of a second 
cwt. of sulphate of ammonia is sometimes equal to, sometimes less, and sometimes 
greater than the first, but the effect of a third cwt. is less though it may still be 
prafitatl0 ; the Law of Diminishing B^t^rnp, has, however, set ip, 
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Table I. 

Increased crop yields ofdained by the use of 1 ewt. sulphate of ammonia per acre. 
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The special effect of phosphates in encouraging root development is of obvious 
advantage for crops grown mainly or entirely for their roots, swedes and turnips ; 
but it also has an advantage whenever the roots are likely to have difficulty in grow- 
ing, e.g.i on heavy soils, in cold districts, backward seasons, conditions where spring 
droughts are common, which will dry up the plant unless its roots have already 
struck sufficiently deeply into the soil. 

Along with the stimulation of root development there is alto a stimulation of 
tillering and a general acceleration of plant development continuing right up to 
maturation — whether this is one action or several is not known. The effect is so 
marked that in high lying arable districts, such as the Wolds, superphosphate is 
often given to cereal crops expressly for the purpose of hastening the ripening and 
bringing in the harvest some days earlier than otherwise. The effect can also be 
utilized to help the plant avoid certain pests. The gout fly of barley {Chlorops 
twniopus) lays its eggs early in the season at the tip of the leaf. The larvee hatch 
out and crawl downwards ; if the young seed head is still in its ensheatbing leaves 
the larvae enter and feed upon it. But if the seed head has been stimulated to push 
out even a few days earlier it is safe^ because the larvae only crawl downwards and 
never up the stem (Plate XXV, fig. 1). 

The special effect of potassic fertilizers is to enhance the health and vigour of 
the plant which is specially important where growth is being artificially stimulated. 
Any lack of potassium is followed by loss of vigour or disease, whether one is dealing 
with tomatoes, fruit trees or farm crops, grass, mangolds, potatoes. Mangoldis 
grown without manure are small but healthy. Addition of nitrogenous and phos- 
phatic manures without potassium increases the crop, but at the cost of its health, 
and when large quantities are given the crop becomes unhealthy and ineffident as 
a sugar producer. But addition of potassic fertilizer at once restores I ealth and 
efficiency and leads to a great increase in sugar production, potatoes hehave in 







Fig. 2. Modern field experiments ; potatoes. Plots laid out in a L.«tin square, Cully replicated. 
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like manner, and the facts here are of such great technical importance that they 
have been worked out in considerable detail so as to help the farmer in his choice 
of the various potassic fertilizers obtainable : the percentage of starch in the potato 
and the amount of starch produced per acre are both increased by potassium (Plate 
XXV,fig.2). 

These efEects of the fertilizers are modified by other conditions, for the plant is 
very plastic and easily altered by soil factors and by weather. A scheme good in 
one season may be useless in another, and, until the effect of soil and weather on ferti- 
lizer action is known, it is impossible to give definite advice to farmers. Special 
methods are required for this investigation, because one cannot produce an experi- 
mental season ; you have to accept what comes and then deduce the actions from 
the results. It is the supreme advantage of the Rothamsted field experiments that 
they have gone on so long. During their 70 or 80 years the rainfall has been measur- 
ed throughout, and temperature, sunshine and other factors for a considerable time. 
The relationship of the seasonal factors to plant growth and fertilizer action is studied 
by modern statistical methods. The effects are of two kinds. »Some are juoduced 
before the seed is sown ; others appear only after the plant is up, but their intensity 
differs with the method of treatment. These points are illustrated by the curves 
showing the effects of varying rainfall on the yield of wheat (Text-figure). The 

Avusage effect in bushbub pee acre of one additional inch of rain (Broadbalk wheat). 



lafluenoe of rainfall on the yield of wheat ; after October the efieot is 
depressing, bat it varies wi^ the month and manuring. 

effect of rainfall is considerably modified by the method of manuring, and there is 
reason to hope that schemes of manuring could be worked out suitable for given 
rainfall conditions. 
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The introduction of statistical methods for studying the field data constituteB 
one of the new developments at Rothainsted which we believe will have far-reaching 
consequences. For it not only ensures that the field data shall be thoroughly ex- 
plored to extract as much information as they will yield. Statistical methods also 
enable the exj)erimenter to improve his experiments and make his results more 
trustworthy ; they even go further and enable him to calculate the probable value 
of his data. The old field plots which gave the first information about artificial 
fertilizers are not very accurate ; they cannot measure differences of less than 
10 or 15 per cent., nor can their trustworthiness be readily calculated. In the first 
(ievelopinent of a subject when nothing is known, rough methods are often very 
usefful. But as knowledge grows these methods become unsuitable, the scientific 
workers and the farmer both need greater accuracy than 10 or 15 per cent., the farmer 
because his margins of profit are cut very finely. 

The modern methods of field experiment worked out at Rothainsted are capable 
of revealing differences of the order of 2 per cent. Some of the potato experiments 
are shown in Fig. 2 on Plate XXVI ; these contrast with the older method shown 
in Fig. 1 on the same Plate. 

These general principles hold for all farm crops with the important exception 
of the leguminous crops. Instead of starving when tliey receive no nitrogen they 
flourish quite well. This was a great perplexity to Lu wes and Gi Ibert, who exhausted 
the resources of agricultural chemistry in trying to explain it ; tliey failed for the 
reason tliat has stopped the progress of many other practical problems ; because 
sci ence was not far e lough advanced. The answer came when the science of bacterio- 
lo;;iy developed and showed that leguminous plants do not live by tliemselves, but 
in partnership with bacteria in nodules on their roots, and the s.ecret of the suc- 
cessful growth of leguminous crops lies in the successful working of the partner- 
ship between the crop and the bacteria. 

The early workers isolated the bacteria from the plant and grew tliein in quantity, 
with the idea of adding them to the soil or the seed in readiness for the young plant. 
TJie idea was sound and the operation sometimes worked admirably, especially in 
laboratory tests, but it had a disconcerting habit of breaking down, and so the ])racti- 
cal man in England would have none of it. It was more successful in Scandinavia. 

Investigations at Rothamstead shovyed that the British failures arose from 
three or four causes : (1) something might be lacking which the plant needed and 
then, of course, no addition of micro-organisms would help matters ; (2) some of 
the soils were acid, on these neither organisms nqr plants flourish ; (3) sometimes 
the organisms died on the way to the farm. These various defects were put right, 
and a discovery was then made which added considerably to the success of the opera- 
tion. The organism passes through a life-cycle in the soil ; in some of the stages 
it can move about, in others it cannot. The rate of movement is not more than 
1 inch in 24 hours, but this is quite enough to make the difference between success 
and failure. Inoculation succeeds only when the organisms can travel to the young 
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roots. The bacteriological workers foiuid that pliosjjliates and a little milk make 
the organisms mobile, and so these were iiiLi'odnced into the process. It is now 
much more ellective and is giving good results. 

The partnersliip b(itw(M_ni tin? organism and the plant is mutually advantageous. 
The organism lives gas(ious nitrog(ai and clnuiges it into a complex nitrogen com- 
pound — change no chemist can effect or even understand- then ])asses this com- 
pound on to the ])lant. In return tin* plant supplies the organism with sugar, the 
great motive j)OW(*r in the reaction ; tin* fixation of nitrogen, liowcver it is doiie, 
recpiiring considerable energy which has to be obtained by the ()xidation of something. 
Directly the organism gets into the root the })hint sends out a network of eonductiug 
vess(‘ls from its main eire-ulaXory system to surround the colony of orgauisuis, carry- 
ing sugar to them and drawing off the nitrogen compounds. These vessids artj, 
therefore, the conduit ]>ipes comiectiug the orga'iiisms and tlie plant and making 
the partnership effective. 

A remarkable discovery was made at Rothamst(^d about this eoniiecting system. 
The pipes are not forru(*(l unless a trace of boron is ])resent ; only a minute (juaniity 
is needed, larger quantities iuj nring tbe plant. How it acts is a mystery ; no substi- 
tute is tolerated, tin* plant will liave boron and nothing else. If boron is not given 
the conducting system is not formed, the organisms can iieitlun’ obtain sugar nor 
give up the nitrogen compounds they have produced ; they tlierefore feed on the 
root and become liannful parasites instead of useful partners. 

This close relationshi[) hetw(‘en ])lant!^ and organisms turns u]) repeatedly in 
agriculture. It is now known that tin* ))roeess of making j)lant food in natural soil 
is brought about by miero-orgauisius which feed upon dead ])lant r(‘sidues and 
break tliem down into the simple foods of plants. Tlu'v are heii^g closely studied at 
Rotluunsttul ; time does not allow an adequate discussion of the results, but there 
ar(* two other directions in whieli aq>raetieal apjiiication is Ixang sought-. 

It lias always been known tliat farmyard manure is a highly (dfectivc fertilizer. 
It was for a time ratlier neglected by agricultural chemists, wlio were dazzled by 
the striking effects produced by artilicial fcrtiliz(*rs in tin* flush of tlie first great 
triuinpli for agricultural (diemistrv. But cxi>erience has shown tliat artilicial ferti- 
lizers are insufficient in themselves to maintain fertility permanently ; farmyard 
manure or other material of like nature, i.c., bulky plant residues, is needed. For 
farmyard manure not only jirovides a comjihde food for ])lauts- the only complete 
food at present known— but it also improves the soil. But farmyaid manure is not 
in itself the food of plants ; it becomes plant food only afte>‘ it has lieen broken 
down in the soil. Now this breakbig down is done by micro-organisms, and the 
question arises wliether micro-organisms could not do tin* wliolc process of making 
farmyard manure from straw as well as decomposing it in tin*, soil. Experiment 
showed that they can ; if tlie organisms art^ given enough water and nitrogenous 
food and arc not injured by acidity, they make a very useful manure out of straw 
or other vegetable refuse wliich otherwise would liave but little value. The method 
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is being applied on the large scale by the Adco syndicate, a non-profit-making body 
financed by the public spirited action of Lord Elveden. 

A third application of the knowledge of micro-organisms is made at present 
chiefly in glass houses. The population of a glass house soil is very mixed and not 
all helpful to the plant. On the whole the harmful organisms are more easily killed 
than the bentificial ones, and so a process of heating or poisoning the soil has the 
paradoxical effect of improving its fertility. Certain benzene derivatives are very 
promising. The work is being developed at Rothamsted in the laboratory for the 
study of insecticides, because it is found that certain closely allied substances arc 
effective insecticides, and there seems to be fore-shadowed the possibility of a new 
industry in making substances to control soil organisms and insect pests. 

So far we have devoted our attention entirely to the feeding of the crop. There 
remains the more difficult problem of the cultivation of the soil. Long generations 
of farmers have evolved a highly efficient art of cultivation, while generations of 
village smiths, and afterwards their successors the engineers, have developed tools 
and implements for doing the work. But the whole thing is empirical ; there is as 
yet no scientific basis for either farmer or engineer to work on ; and in consequence 
there is the risk that the work is not being done as well or as cheaply as it 
might. 

Cultivation is simply moving the soil, but the result is to collect the line particles 
into crumbs and this not only brings the soil into good condition for root develop- 
ment, but improves the moisture and air relationships of the soil. 

The mechanical part of the process — the moving of the soil — involves three 
distinct actions ; cutting the soil, sliding the tool over or through the soil ; and 
lifting the soil to turn it over. The processes are all capable of physical investi- 
gation. The first step is to measure the total action by a dynamometer recording 
the draw bar pull between the tractor and the implement. The measurements 
are complicated by the fact that the soil even in one and the same field is variable, 
some parts of the field being much more resistant than others. Statistical examina- 
tion of the data is therefore always necessary. The amount of the pull depends 
on the constitution of the soil ; partly on the visible mineral particles but mainly 
on the minutest particles, the clay, which have marked colloidal properties. Col- 
loids are much modified by electrolytes and by-other colloids ; a striking example 
is seen in the reduction in draw bar pull brought about by the addition of lime and 
colloidal organic matter, t.e., decayed farmyard manure or plant residues. 

Extended analyses of the dynamometer records and of the physical properties 
of the soil are necessary before it is possible to disentangle the parts played by fric- 
tion, cohesion, plasticity and mechanical work, but the task is capable of precise 
execution. The further step of discovering how the soil crumbs are formed and 
how and why their formation should improve the moisture and air relationships 
of the soil, necessitates studies of surface forces and colloidal properties, which, 
while lengthy, are within the ambit of a well-equipped physical department. 
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One of the first fruits of the physical investigation has been the discovery of a 
simple means whereby the resistance of the soil to the plough could be reduced. 
The soil colloids are electronegative ; if therefore a negatively charged plate is 
inserted in the soil the water will pass out from the colloid and become deposited 
on the plate. Now a film of water is an almost perfect lubricant ; if, therefore, 
the ploughshare is kept negatively charged, it becomes coated with a film of water, 
and therefore continuously lubricated so that it moves througli the soil with less 
resistance than before. The maintenance of an electric charge is not in principle 
difficult : it necessitates taking current from the tractor drawing the plough. 

The farmer is not dealing with soil alone, but with soil plus water ; the soil remains 
the same but the water varies considerably from week to week according to the 
rainfall. All these properties therefore have to be studied in reference to the quantity 
of water present in the soil. 

The cutting through the soil — in other words its cohesion — becomes less and less 
as the water increases ; if this were the only factor in cultivation the wetter the soil 
the better ; but the friction on the other hand becomes greater and greater as the 
water increases ; if this were the only factor concerned the drier the soil the better. 
For each soil there is a certain range of moisture content when cultivation is most 
easy, neither cohesion nor friction being too great. Further, over this range, varia- 
tions in moisture content, wliile they greatly altcu* the cohesion and the friction, do 
not appreciably alter the labour of cultivation, the loss on one property being made 
up by gains on another. 

The end result is not new ; good ploughmen know it already and have practised 
it for generations ; they have learnt by long experience the happy mean content of 
water within which the soil can be cultivated and they do not attempt cultivation 
when the soil is too dry or too wet. But the analysis and explanation of the fact 
could not before be given. 

Tliis experience happens over and over again whenever an art is being reduced 
to a science. Harrowing the soil gives a further illustration. Its object is to break 
the soil lumps to pieces and get them finally down to grains. The scientific worker 
shows that as a lump of soil dries it slirinks, first by tlie exact volume of the water 
lost, afterwards by less than this volume. When the dried soil is rewetted it expands, 
but it expands more than it shrank. The phenomenon is common among colloids 
and is called hysteresis : it admits of a simple explanation, because the original wet 
lump contained no air in its innermost crevices, while the dry soil does contain air ; 
on rewetting, the original air is still imprisoned and helps to expand the lump of soil. 
It follows that a soil containing a given amount of moisture may occur in two states ; 
the down grade or the up grade, and in the up grade it is expanding more with increas- 
ing moisture than in the down grade because of the imprisoned air, and it is therefore 
more unstable and easily shattered. In order to get the best effect from harrowing, 
the farmer should allow the soil to dry beyond the point where harrowing would be 
effective, and should then wait for the rain to rewet the soil up to this point before 
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he harrowH. The facts are clearly ascertained and the deduction perfectly sound 
and of great practical value. But once again the art of the practical man has 
forestalled the science of the laboratory and the farmer knows this already. 

It might be asked : if the farmer knows these things, and if the effect of scientific 
workers is but to obscure wliat seems a simple empirical fact by enshrouding it in 
involved explanations, why strive to clnange the ancient and effective art of hus- 
bandry into a difficult if not incomprehensibhi science ? The answer is simple : 
che farnuir cannot cultivate without implements ; for these he lias to go to the 
engineer. The engineer to have his chance must be given not only a clear cut prob- 
lem, but also curves and quantitative data of this very kind. In the past he lias 
Iiad to do without this help and make an implement as best In; can to tlie descrip- 
tions (you cannot call tbein specifications of the artist in cultivation. And 
so it conics about that a great multitude of implements has been laboriously evolved 
by the costly process of trial and error, whereas with the exact knowledge of the 
work to be done they could ]iav(^ been designed for maximum olfectiveiiess. 

VVe come back, tlnui, to our starting point, that the prime function of an ex- 
periment station is to obtain knowledge, precise and well founded, and to express 
this koowledge in a form in which experts can use it. 
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Conditions are favourable for cotton in the irrigated valleys of California and 
Arizona, including the better qualities of fibre. In view of the higher costs of pro- 
duction, it has not appeared that a cotton industry could be maintained on a basis 
of direct competition with the eastern Cotton Belt in raising ordinary short staples. 
The Pima variety of Egyptian cotton is growui in Arizona, w hile most of the cotton 
in California is of an Upland variety called Acala, introduced from Southern Mexico. 

The growing of short staple Upland cottons lias been profitable in California 
in seasons of high prices, but the need of produciiig uniform, high quality fibre has 
been recognized by the growers, in order to stabilize the iiicArket relations. The 
reasons for standardizing the production of cotton are the same that have becui 
recognized w ith other crops in California, and similar methods are being follow ed, 
through co-operative organizations of the growers. 

The production of iniscellaneous, mongrelized cotton is wasteful, and the ( oiid 
mercial classification of the bales is a difficult and costly operation, with results 
that do not satisfy either the farmer or the manufacturer. Many of the commercial 
difficulties are reduced or avoided through standardized production, so that all 
of the bales contain the same kind of cotton. The sampling, grading and stapling 
of the individual bales may prove unnecessary in districts where production is 
standardized. 

Cotton is grown as an annual crof>, and production can be standardized only 
by establishing and maintaining adequate supplies of pure seed, wluchis possible 
only in communities that restrict themselves to one variety. 

The Coachella Valley in Riverside County w^as the first community to adopt 
the Acala cotton in 1920. The seed-stocks were maintained in isolated districts, 
and other varieties gradually eliminated. The same course is being followed in 
several other valleys. The advantages of standardized production of cotton are 
clearly understood and the stage of legal recognition and protection of such com- 
munities has been reached. The Legislature of California recently has enacted 

♦ Keprinted from Jour, of Heredity, XVI, No, 9. 
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two laws in behalf of the cotton industry, one to stabilize the pure seed districts; 
where only a single variety of cotton may be grown, and another providing for the 
Certification of pure cotton seed by the California Department of Agriculture* 

The Acala variety is a superior type of Upland cotton, discovered in 1906 in 
Southern Mexico by the U. S. Department of Agriculture, acclimatized in Texas, 
and grown on a large scale in Texas and Oklahoma, to the extent of the supplies. 
it is an early, productive variety, with large, “ storm-proof ” bolls, well adapted 
for easy and clean picking. A bale per acre is considered as a normal yield in Cali- 
fornia and two-bale yields are not infrequent in some of the irrigated valleys. The 
fibre is abundant and of excellent quality, with a length of Ij or inches under 
favourable conditions, and generally commands a premium over the shorter staples. 
In addition to uniformit}^ strength, and good spinning qualities, a special charac- 
teristic is reported from England and France, in taking dyes better than most 
cottons of the same staple. 

The following statement regarding the community law is from the Official Record 
of the U. S. Department of Agriculture for August 5, 1925. Also the text of the 
law will be of interest to cotton breeders and to those who are concerned with the 
problem of pure seed supplies. 

Legal protection op cotton communities in California. 

That the fanners of each community restrict themselves to the planting of a 
single variety has been urged by the Department of Agriculture as an essential 
step in the progress of the American cotton industry. The advantages in com- 
munity production are now so well recognized in California that legal j)rotection 
is being given to the one-variety communities against the danger of mixture and 
impairment of the seed-stocks by careless or irresponsible individuals. 

In two of the California cotton-growing counties, Riverside and Kern, ordi- 
nances were passed by the boards of supervisors to keep other kinds of cotton 
seed from being planted in the one- variety communities. At the last meeting of 
the State Legislature an Act was passed wdiich definitely excludes other varieties 
of cotton from specified districts where the farmers have restricted themselves to 
the Acala variety. 

The purpose of the enactment to protect the public interest in the improvement 
of the cotton industry, is clearly stated in the first section of the Act (California 
Assembly Bill No. 167), and is regarded by the framers of the Act as in line with 
well-established precedents. It is recognized in other public improvements that 
the responsibilities are to be shared by the entire community that establishes the 
improvement, as in irrigation or drainage districts. No extra cost is involved in 
establishing the one- variety improvement, but only the requirement that growers 
refrain from injuring their neighbours who have adopted an improved system of 
production. The cotton land becomes more valuable in a restricted community 
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because it can be used with greater advantage to the fanner, as in i)arts of Cali- 
fornia where a definite exclusion of noxious weeds or diseases is being maintained. • 

As compared with the usual conditions of mixed-variety production each 
individual farmer ol a one-variety community is able to raise more cotton and 
cotton of better quality, which can be sold at a higher price. The manufacturers 
are willing to pay more for dependable supplies of uniform fibre because the spinning 
and weaving are less expensive and the resulting fabrics are better. The advantages 
to be expected eventually through establishing and mainlaining a system of com- 
munity production and marketing of the crop of Acala cotton in the single-variety 
communities may be estimated conservatively at from 3 to 10 cents ])er pound, 
or from Jflb to ^^50 per bale, more than the growers would receive if other varieties 
were admitted and the usual mixing and mongrelizing of the seed stocks took place. 

Under the usual conditions of production, with difrerent varieties grown in 
neighlnmriiig fields and the seed mixed together at the public gins, most of tlie crop 
is ])roduccd from mongrelized, '' gin-run ” seed and the lint is of irregular, inferior 
quality. On account of cross-pollination by insects and the construction of tlie 
gin machinery the mixing and deterioration of seed stocks is practically inevitable 
if different varieties are grown in the same community. No general utilization 
of superior varieties is practicable without the one-variety communities where the 
pure planting seed can be produced in sufficient quantities to maintain (}\e quality 
of the cotton throughout that region. 

The protection of one-variety communities is of interest in other States not 
only as a stop in working out the general problems of the cotton industry, but as 
assuring a source of seed supply of good varieties that may be drawn upon in 
emergency years. Twice in the last 10 years most of the good stocks of planting 
seed have been lost over wide regions of the eastern Cottrn Belt, as a result of 
unfavourable weather and excessive weevil damage, so that most of the crop of the 
following years had to be planted with inferior seed, for lack of any supply of good 
seed in sufficient quantity. 

Text of one- variety Law. 

An Act to provide for the growing of one variety or species of cotton, to wit, Acala, 
in certain prescribed and defined^ districts in the State of Californio- ; to prohibit the 
picking or harvesting of any variety or species of cotton other than that known as Acala 
in such districts ; to prohibit the possession within such districts for the purpose of 
planting any seeds or plants of any variety or species of cotton other than that kncirn 
as Acala in such districts ; to prohibit the ginnirg of any variety or species of cotton 
other than that hioim as Acala in such disf riots ; defining such districts ; and fi.iing 
the penalty for a violation of this Act. 

The people of the State of California do enact as follows : 

Section 1, The legislature hereby declares that the pm poses of this Act are 
to promote, encourage, aid, and protect the planting and growing of cotton in the 
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State of California ; that it believes this purpose best can be accomplished by 
restricting within certain areas hereafter defined the planting and growing of but 
one variety or species of cotton, to wit : Acala ; that by this means alone is it 
possible to bring the cotton-growing industry in the State to its highest possible 
development and to insure the growing of the most superior and economically most 
profitable variety or species of cotton ; that the planting of pure seed is essential 
to the production of a more merchantable and better grade of cotton and cotton 
seed and for the production of a grade of fibre best suited for manufacturing 
purposes ; that the planting of impure seed or plants other than that permitted 
in the areas hereinafter defined is an economical harm and loss to the planter 
thereof and an irreparable injury to the adjoining or neighbouring growers ; that 
the restriction of the use to which cotton lands may be used, as provided in this 
Act, is essential to the highest development of the cotton-growing industry and of 
benefit even to one who would violate the provisions of this Act ; that it is essential 
that but one variety of cotton should be ginned in the district in this Act defined, 
otherwise the gin will mix the different kinds of seed, crossing takes place in the 
fields, the varieties are mongrelized, and cease to be uniform, the fibre deteriorates 
in quality, and the seed rendered unfit for planting ; that solely by restricting the 
growing of one variety or species of cotton in certain areas can the fibre be grown 
of uniform length and quality, and the highest price paid for the cotton thus 
obtained, and the production of fibre of different lengths or grades be prevented; 
that fibres of different lengths and grades are commercially inferior and when assem- 
bled in one lot or grade or classed and given the value of the lowest grade in the lot 
or sample ; that Acala cotton it now the variety or species of cotton that has been 
most highly developed and improved and most suited commercially for growing 
in the districts in this Act defined ; that if future experiments should develop an 
improv('d variety or species of cotton, this Bill can be amended to designate it ; 
and that the districts in this Act defined can be altered, restricted or extended. 

Section 2 . This Act shall be so interpreted and construed as not to be consi- 
dered the taking of private property without due process of law ; nor disturbing 
the owner in the control or use of his land for lawful purposes ; nor restricting his 
right to dispose thereof, but as a declaration by the legislature that its use for the 
purposes lierein forbidden is prejudicial to the public interests and an economical 
loss to the State and an irreparable loss and injury to the cotton growlers. 

Section 3 . In the districts in this Act defined, it shall be unlawful to plant 
any seeds or plants of any variety or species of cotton other than the seeds or plants 
of that variety or species known as Acala. 

Section 4 . It shall be unlawful in the districts in this Act defined to pick or 
harvest cotton of any variety or species other than that known as Acala. 

Section 5, It shall be unlawful for any person, individual, copartnership, 
association, firm or corporation, or agent or employee thereof, to have in his or its 
possession within the districts in this Act defined for the purpose of planting any 
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seeds or plants of any variety or species of cotton other than that known as Acala. 

Section 6, It shall be unlawful for any gin located or operating in any one of 
the districts in this Act defined to gin any variety or species of cotton other than 
that known as Acala. 

Section 7. District number one shall consist of the county of Riverside ; 
district number two shall consist of the county of Kern ; district number three 
shall consist of the county of Madera ; district number four sliall consist of the 
county of Fresno ; district number five shall consist of the county of Kings ; dis- 
trict number six shall consist of the county of Tulare ; district number seven shall 
consist of the county of Merced ; district number eight shall consist of the county 
of Stanislaus ; district number nine shall consist of the county of San Joacjuin. 

Section 8. Any person, individual, copartnership, association, firm, corpora- 
ti(m, agent or employee who or which shall violate any of the provisions of this 
Act shall be deemed guilty of a misdemeanour, and, in addition thereto, shall be 
liable in a civil action for all damages that may be occasioned or caused by a viola- 
tion of this Act. 

Section 9. If any clause, sentence, paragraph or part of this Act shall, for any 
reason, be adjudged by any court of com])etcnt jurisdiction to be invalid, such 
judgment shall not affect, impair, or invalidate the remainder thereof, but shall 
be confined in its operation to the clause, sentence, paragraph, or part thereof 
directly involved in the controversy in which such judgment shall have been 
rendered, l^he legislature hereby declares that it would liave passed this Act 
irrespective of the fact that any clause, sentence, paragraph or part thereol be 
d eel ared u n con s t i t u t i on a 1 . 

Section 10. That this Act shall not apply to the planting or growing of cotton 
in the experimental stations or farms conducted by the United States Coverninent ; 
the State of California ; nor to the transportation of seed or ])lants by interstate 
or intrastate commerce, nor to seed in transit from a point without one of the 
districts in this Act defined to a destination without such district ; nor to the trans- 
portation of plants or seeds into one of the districts hereinafter defined for ex}>eri- 
mental or technical purposes by the United States Department of Agriculture, the 
Department of Agriculture of the State of California. 

Section 11. All Acts and parts of Acts in conflict herewith are hereby repealed. 



FIXING THE TIME OF THE CANE HARV15ST.* 

METHODS EMPLOYED IN JAVA TO ENABLE CUTTING TO COINCIDE 
WITH THE PERIOD OF OPTIMUM SUGAR CONTENT. 

BY 

SUT NI QUAR. 


The problem of harvesting cane at the time of ojjtimura ripeness is an exceedingly 
difficult one, as a large number of factors are involved and these are not always 
controllable. If the factory is small, operation must be begun before the cane is 
ripe, or must end with d(!teriorated cane ; if transport facilities are inadequate, 
the same situation exists ; if to]rs must be had for planting the next crop, it may 
become necessary to cut a certain field earlier than is desirable ; if a field is dis- 
tantly located or diflicult of access, the harvesting may proceed more slowly than 
the ripening of the cane. There is no need to mention further difficulties of this 
sort, as many of them are inherent in the situation peculiar to a given onterj)rise, 
to wh'ch no general solution applies. In what follows, therefore, I shall confine 
myself to a discussion of how the time of optimum ripeness of a given field is deter- 
mined in Java. The figures obtained by the so-called preliminary analyses form 
the basis for determining the most suitable time for beginning the harvest, inde- 
pendently of the several factors above cited. 

How THE CANE RIPENS. 

The sugarcane begins to ripen from below. The lower end, which is partly 
under ground, ripens fi.r8t, while the top is the last to attain complete ripeness. 
But before this point is reached the lower part has already passed the peak of ripe- 
ness and has begun to lose saccharose through transformation into glucose. 

Now the lower part of the cane stalk is much heavier than the upper part. These 
two factors, together with the relation between the rendements of the different 
parts, form the basis for judging the moment when the cane can be harvested to best 
advantage. It is not sufficient merely to know the quality of the juice in the 
different parts of the stalk ; we must know also the respective quantities. A 
retrogression in purity quotient of the lower end of the stalk is not always com- 
pensated by an equally groat improvement in the quotient of the upper end ; on 
the contrary, such a condition may mean a greater or smaller loss. Formerly, 
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it was the custom in Java to cut the stalks into ten pieces for testing, but this made 
so much work that the more practical method of dividing them into three equal 
parts has been adopted, a method which guarantees a sufficient degree of accuracy. 

Testing stalks by sections. 

To obtain an insight into the ripening of a given field the procedure adopted 
is as follows : 

In arbitrarily selected plots in the field — the plots being as regulaily spaced as 
possible- eight stiilks are picked out and tagged each with a label, on which are 
noted the name of the field, the variety of cane, together with a letter (the letter 
depending on the number of samples) and a number which may nin up to and 
include 8. Every ten days a sample is brought in, comprising all stalks in 
a certain series. Each stalk is cut into three parts ; each part is separately pressed 
and the juice analyzed; from the pressing the rendement is determined. The 
course of the rij)ening can be followed by meaia; of a graph. As soon as the rende- 
ment lines of the lower and middle parts touch each other or come veiy close t ogether, 
it may b<i assumed that the optimum time of harvest is at hand. If the field is 
allow(Hl to stand longer the lower end begins to lo^ie sugar. The uj)per end may be 
gaijiing sugar, but since the lower end is the heavier the loss in this end is sooji larger 
than the gain in the upper end. This can be shown further by sej)aratrely calculat- 
ing a curve from the stalk or saj) Wiughts of the tliKie parts whereby an^ shown the 
real amounts of recov('.rable sugar ])ot part which gives a still closer insight into 
w^hat is going on in the (iane plants. It should be remembered, however, that the 
cane weight is variable and fluctuates to a greater extent than the nmdement. 

The sugarcane being a living organism, it is, like other things that breathe, 
difficult to bring within the range of our calculations and graphs, and quite often it 
mocks the most meticulous calculations of the scientific experts. It is indispensable, 
therefore, that some other moans of control also be employed. This is chiefly a 
matter of visual inspection, which can best be done by the field employ & w ho have 
cared for the cane during its period of growth. These employ6s arc familiar with 
all the circumstances which have affected the cane during its life. 

Influence of soils. 

To further particularize the method, a given field is divided, if necess^iry, into 
a certain numbesr of parts of not too small extent ; for example, into complexes of 
three to lour bouws (I bouv/-- 1| acres), preferably according to diffeieiires in 
the composition of the soil, with further regard to the requirement that the time 
of planting in a given complex shall not include a period greater than 1 4 days. From 
each of these parts a sample is taken for analysis as above described. If the field 
comprises three different soil types, such as heavy clay, bght clay, and sandy soil, 
it is correspondingly divided into three eomplexes, the boundaries of which corres- 
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pond as closely as possible with the lines of the soil types. It is to be expected, 
and practical experience has shown the expectation to be just, that the cane on 
heavy clay ground will close its period of growth before that ])lantcd in light sandy 
ground, and will, therefore, sooner reach the point of optinuini sugar content. On 
light ground during the rainy season following the monsoon, the cane grows much 
more slowly than on heavy clay, which is moie or less compacted by the rains with 
the consequence that the roots of the cane partially die and there is less chance ot 
after-growth than in gravelly soil, which remains loose. 

Even between clay soils of the same t\ pe there may be variations in the time 
required for complete ripening, such difl’envnces being due to different situations 
in the area — as, for example, wliere one part of the field is continually inundated 
during the wet season, while another ])art may not be affected by such a circum- 
stance. This is merely one indication of the many factors which may have an 
influence on the ripening, and it will therefore be clear that a knowledge of these 
factors and their influence on each portion of the field must be taken into considera- 
tion along with the course of the ri])(ming as shown by the analyses in order to arrive 
at the least possible loss of sugar in the field. 


Variable eactoils ineiajeinck results. 

Even when the analyses and the determination of tlu' most favourable moment 
for the harvest have been given tlie greatest possible exactness , it frequently happens 
that the rendement actually obtained from the field does not coincide with that 
of the latest ripeness analysis. The. determijiation of the real rendement of a given 
field or of a given variety is a matter of very great difficulty. Not all varieties have 
the same juice content ; in other words, the recoverable sugar as sliown by the 
analysis cannot b(^ multijdied by the same factor for all varieties. The ratio of 
the pressing factors of the different varieties must be accurately known from 
practical data, something which has not yet been attained. Stalks of a single variety 
planted on different soils and in different parts of a field do not all have the same 
pressing factor. It is naturally not possible, when on a givtui day several different 
varieties are received from different fields, to determine the pressing factor for all 
of the special cases. For this reason m^arly all Java factories assume for 15- 
day ])eriods a factor for each variety, irrespective of the fields from which the cane 
comes, and at the end of the 15-day period this factor is corrected according to the 
results actually obtained in the mill. At the end of the campaign a general correc- 
tion is applied to the factor, if necessary. While by this means it is possible to 
keep the errors low, they are by no means entirely eliminated. 

It is ]) 08 slble to abolish these errors entirely, but to attain this it is necessary 
to have the rail emplacements so arranged that all lorries from a given field, loaded 
with a given variety of cane, can be placed on the same track so that the cane on 
these lorries can be ground in succession. In tfle factory things are so managed 
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that before beginning to grind the cane from a given field, the mills are allowed to 
run empty for a moment in order to make a separation from the juice from the 
preceding field. The correct jiri^ssing figure thus hecomcB known and it is possible 
to make much closer calculations of what each variety produces in any given field, 
ft thus becomes a question of ])lanning, whicdi has the great advantage tliat not 
only the old varieties but also the new ones can be quickly and accurately judged 
as to their true vahn b. 

Deterioration losvS after cutting. 

It is also true that although the cane has beem harvested at the right moment 
a considerable loss may still occur if it is not ground within 48 liours, as has already 
been remarked, ft is not alone lU'cessary that the transport be so organized that 
at a given moment a huger than rioimal quantity of cane can be transported. ])Ut 
the grinding cajiaCity of the mill must be sufficiently elastic so that grinding can be 
speeded u]) to kce]) ])aoe with a quickened ripening of the cane so as to avoid being 
forced to start grinding before the cane is fully rij)e at the beginning of the campaign 
or to cut dead (aine. at tlu^ end. From the figures of the pn^vious year each factory 
can easily ascertain how great is the maximum (;a])acity it is able to reacli. 

That the loss which occuis whenever the time ela])sing between cutting and 
grinding is too long is of serious moment appeals from the fact that even houis 
after cutting the ]nirit\^ falls three to four d<‘gre,<s and the nuidement on tlie cane 
is one-half of one per (amt. lower, whicli, on a ])roduction of 14,000 piculs }>er bouw, 
means a loss of seven piculs of sugar, or oi l pounds per English acre. It is to lie 
further borne in mind that the loss that occurs in tlie first 18 hours is progr(*HKiv(‘ 
and is furth(M’ increiis(*d wImti the c.ut cane is eX]josed to the sun, something wliich 
in the tropics is s(’arc(*l\' avoidable. 
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VILLAGE POULTRY INDUSTRY OF ETAH, UNITED PROVINCES. 

For the past six years the writer has had the interesting task of judging at 
the annual poultry shows held in Etah, and she is deeply impressed with the results 
of six years’ organized efforts accomplislied by Mr. Slater and his wife in the village 
reconstruction work they are so devotedly carrying out. More should be known of 
this work both in order that, it nuiy bo coj)icd elsewhere and also so that it should 
receive the full support that it requires and deserves from the public. 

In 1920, the Mission Farm at Etah wjis ntruggling for its existence as regards its 
poultry work in the villages. The afiormatli of the war left its maik here as every* 
where elscj. The poultry show held that year attractiid only some 100 village birds 
and but few villagers attended. The United Provinces Poultry Association that 
year gave Mr. Slater 100 pure bred pedigree cocks from the Lucknow farm to place 
in villages, and other friends gave funds for the distribution of pure bred eggs for the 
same purpose. The U. P. Government also assisted with small grants of money. 
These efforts have borne great fruits. From that year onwards each annual 
poultry show has grown in numbers, until the jiroblem is now how to provide 
accommodation and arrange for the number of exliibits and the villagers who 
accompany them. 

For example, this year (1926), 1 ,01 0 exliibits were staged, consisting of 3P2 pure 
bred Leghorns, 344 Minoroas, 226 cross bred fowls, 61 exhibits of lots of six eggs 
and 67 other varieties. This last item w as of birds shown by local important 
residents who have also got interested in poultry. The total exhibits this year 
exceed by several hundred birds the show of 1926. 

What is also so remarkable from a judge’s point of view, is the steady improve- 
ment in quality ; so much so, that I have volunteered to be financially responsible 
for the expenses of taking 20 exhibits in Leghorn and Minorca birds from Etah 
villages to compete side by side with other exhibits at the next AlUndia Show, 
Calcutta. The birds will there meet in open competition and, I feel convinced, 
will hold their own. 

The Etah Poultry Show' has attained the popularity of a wela, and in co-operation 
with a small Agricultural and Industrial Exhibition makes a brave show, occupy- 
ing many shamianas and tents. Village) s from all over the district come in with 
their birds, and the poor and depressed classes for whom this work is being done 
look far from being depressed or poor. They are sturdy, well fed, independent 
people, wearing decent clean clothing that carries the stamp of prosperity, No 
wonder, for besides the income that comes from keeping better fowls tfee cloveir 
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Etah Poultry Show ; ail tents beins? full, other birds penned out in the opei 
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Mrs- Fawkes judging. First prize winning birds. 
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village poultry-man can win money in piizes besides useful awards in the shape 
of brass household utensils inscribed with the wins they have merited. All this 
entails generous money support, and I can assure Government and all those in- 
terested in the welfare of the peasantry that no money can be better spent than in 
helping this growing industry. Plates XXVII and XXVIII illustiate better than 
words the results I have attempted to record. [Mrs. A. K. Fawkes.] 

Since writing the above I hear that a cloud burst of rain recently deluged the 
Etah farm and caused severe losses in chicken. I trust support will be forthcom- 
ing so that there should be no check in such valuable enterpris(^ [A. K. F.] 


REFRIGERATION AS A MEANS OF PRESERVING MANGOES 
AND OTHER TROPICAL FRUITS. 

The use of cold storage as a means of preserving fruit and vegetables is known 
in most parts of the world, but it has, except in the case of bananas, not been applied 
extensively for the preservation of tlie usual tropical fruits, and particularly of the 
mango. And yet there are few cases in wliich, if aj)plicable at all, it would be of 
great value. Many of the tropical fruits, and again particularly the mango, 
become ripe in a ver)^ restricted period, and a period when tliere is a glut in the 
market and a correspondingly low price, is ra])idly followed each year by a time 
when there are no fruits to get and the price is verj^ high. 

Though much information is available as to the conditions under which semi- 
trai)ical fruits can l est be kept in cold storage, yet few data are available in connec- 
tion with the Iruits dealt with in the present paper. As regards the mango, one 
authority^ states that lie wrs able to preserve tlu fruit for 31 days at 34^^ to 40‘^ F., 
and another* reports tluxt experiments in shi])]>ing mango(‘S from Australia at a 
temperature of 35° F. were satisfactory. 

The experiments recorded in the jiresent pajier were made at the cold store in 
the Crawford Market, Bombay, The range of fluctuation of temjieratiire in this 
cold store is much greater than is desiraJde, but is unavoidable when it has to be 
frequently opened to bring in and take out materials kept on a. commercial scale. 
Tlie records have been made during the three seasons of 1923, 1924 and 1925. 

Mango. Two varieties of mangoes were used in the ox})erimi‘iit8, namely, 
Alphonso and Pairiy two of tin* best tyjies in India. The former keeps much better 
than the latter, but, for both, a steady tonperaturo of 39° F. to 40° F. was found 
suitable. At this temperature, mature and green Alphonso mangoes can be kept 
for a month without deterioration. Tightly packed fruit wrapped in tissue paper 
kept longer and better than loosely packed and unwTap]>ed fruit. This suggests 

Tho Mango in Hawaii. Hawaii Agri. ETpi. Si. Ball. 12, 1906. 

• CcuHns. Tha Mango in Porto Kico. V. S. JO^pt. Agt i.y Bureau of Plant IvduHrg, BuU. 28* 
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that even a somewhat higher temperature than that named would Buit the fr^it 
quite well. As a matter of fact a rise in temi)erature to any point between 40° aj;^ d 
50° F. did no harm to the stored fruit. 

A sudden fall in the temperature below 36° F. told at once seriously on the fruit. 
The skin became inimediately spotted, in the form of small scattered depressions 
all over the skin of the fruit. When the temperature was reduced to 26° F . the skin 
of the fruit was softened, but the damage did not go further when the te ^iiperature 
was raised above 40° F. and ranged between 45° F. and 50° F. 

A sudden fall in the temperature did not affect the pulp of the fruit nearly so 
much as the appearance of the skin. Spotted fruits, in fact, when taken out ot store 
after 20 days, ripened well from within, and the taste was almost as good as that of 
fresh fruits. The low temperature affects ripe or half-ri)>ened fruits more seriously 
than green mangoes. 

Gre(Ui Alphonso mangoes which had been in the cold store between 36° to 40° F. 
for a month took six days to ripen aftei* withdrawal, and kept good for ten days 
further. These were exceedingly attractive in colour, as good, in fact, as naturally 
ripened mangoes. 

Chika {Achras mpota) or Sapodilla plufu. Tliis fruit, which is a great favourite 
in Bombay, when green, resists tern f>eratii res below 10° F. b(dter than any of the 
others tested. The skin does not become })itted like tliat of t\u) mango by alow 
t(Uii])eratine. Frequent fluctuations, liowever, below 10° F. make fbe fjuit very 
haj'd and it rijams very unevcmly when removed from cold storage. Between 
40 and 50° F., green chikui^ could be kept for a month, and then ripen normally 
when removed from the cold stort?. 

Banana. Gre(m t)ananas of the principal varieties cultivated round Bombay-- 
Rajapurij Sonkd, and lied Ba.s,sei)i- could be kept without change of (uJour at a 
steady and uniform temperature of 10° F. and could be normally rii)en('d after 
removal from cold storage. 

Fluctuations in the tenij)eraturc below 40° F. afh^cted the gn*en iruitH and gave 
tJieni a smoky colour. The yellow and rijxuied fruits became softer and darker. 
When the tenq)erature fluctuated between 40° and 50° F , the bananas, either green 
or ripe, were not affected. 

Kipe but firm fruits were also successfully kept at a steady temperature of 45° F., 
but the skin became darker in colour. Kipe bananas when wrappt^d in paper showed 
their original freshncjss on removal from the cold store, but unwrapped fruits lost 
their lustre and became dull. 

Green bananas kept in the thawing room, wdth a te.m]:)erature ranging between 
55° F. to 60° F., changed colour from green to greenish yellow within seven days. 
These greenish yellow' bananas kept quite well in the cold store at 40° F. to 43° F. 
for 15 days with repeated (three times) fall of temperature to 30° F. and equally 
gradual rise again to 42° P. The colour of the skin was, however, darkened by 
this treat ment. 
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Paj)aifa, The papaya fruit does not Hceni to keep well under the conditions of 
temperature available in the cold store. It remained good for a fortnight at tem- 
peratures above 40^ F., but on removal from the store, it did not ri])en evenly, and 
the ripened fruit presented firm flesh in places while in other ]»arts the papaya was 
soft. The colour of the flesh was quite similar to that ri])cned in the ordinary way 
outside the store. |0. »S. (^ukkma and S. K. Gajsdiii.] 


PRODUCTION OF REFINED SUGAR FROM GUR IN INDIA DURLNG 

THE SEASON 1924-25. 

There wert^! 29 refineries in India in the year 1924-25, but out of these 10 
did not work during the. season for the r(*asons m(‘ntion(d b(‘low. Of the 13 
refineries whie.li worked during the siason and subnulted their returns, 6 were 
situated in the United TroviiK^es, 5 in Madras and 2 in the Ihinjab. It may be 
nientiomul that none of the refiiHU'ies situated in Noi^h Bihar, wliert^ the sugar 
manufacturing industry is concentrated, worked during the season. 

We give below figures of (/nr melted, sugar iiiade, and molassi s oldained there- 
from in the refineries s!tuat(‘d in (1) Tin* United Jhoviiie( s and (2) The Madras 
PresidiUicy and the Punjab, and also consolidated figures for lh('. wliole of India 
during the two seasons 1921-25 and 1923-21. 






Maunds 

Alauiids 

(i) The United TiovincHh- 

(tur nn4led ...... 


1,700,1 14 

8ugur made ...... 

;Vtl,(i38 

SI (>,097 

MoIuhsoh obtained ..... 

oii,2t;r> 

7o2,(i)(i 

(ii) Madras ITcvsidcnry and the iMinjal) — 

Gur melted ...... 

bo8,4SO 

l,Oo9,74(i 

8ugar made ...... 

374,4 83 

r)(Hi,023 

Molaase.s t»btaino(l ..... 

213,014 

394,902 

(iii) Whole of India — 

Gur molted ...... 

l,H(i3,242 

3 :274,f)0()» 

Sugar made ...... 

910,121 

1,538, 304* 

MolasHea obtained ..... 

72 +, 27 >.» 

1,329,498* 


ThcHo tutaltt include the tigure» for Bibar where 0 reliiiericH Murked in the ttOHSoii 1923*24. 
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The season was unfavourable for the refining industry as there was an appre- 
ciable reduction in the acreage under cane and in the production of gur in India in 
1924-25 as compared with the previous season as shown below ■ 

Area in acres Yield in tons 


1923- 24 2,920,000 3,317,000 

1924- 25 2,532,000 2,537,000 


In the United Provinces, which produces the largest quantity of refining gur in 
India, there was a marked drop in the outturn of gur amounting to approximately 
600,000 tons. The result was that the price for this commodity ruled high, while 
the tendency for the price of foreign refined sugar was downward (Table I). The 
refineries thus found that it did not pay to manufacture refined sugar out of gur at 
the prevailing prices for these commodities. 


Table I. 


PKBIOD 

Average price per 
maund of rehning 
gur at SiBwa Bazar 
(principal market 
for this material in 
Gorakhpur District) 

Average price per 
mauiid oif refined 
sugar (Java White) 
at Calcutta 






Rb. a. 

p. 

Rb. 

A. 

r. 

Docembor 1924 



. 


5 5 

0 

12 

9 

9 

January 1 925 



- 


6 9 

0 

12 

9 

0 

February ,, 



* 


« 0 

<> 

12 

i\ 

6 

March ,, 

. 




C 8 

9 

12 

3 

0 

April „ 



• 


6 0 

0 

12 

7 

9 

May „ 



• 


6 10 

0 

11 

11 

9 

{Gur market closed thereafter.) 










A note published in the March (1926) Number of this Journal gives the total 
quantity of sugar produced by factories making sugar direct from cane for the 
two seasons 1924-25 and 1923-24 as follows: — 

1924-25 920,306 xuaundB or 33,745 toni 

1,044,856 


1923-24 • 


38,ai2 
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It tiio quantity of refined sugar produced in India by modern refineries be added 
to these figures, the total induction by modern factories and refineries would 
amount to 1,836,426 rnaunds or 67,336 tons in the season 1924-25 as compared 
with 2,583,160 rnaunds or 94,718 tons in the previous season. 

As the production of gur in the season 1925-26 is estimated by the Statistical 
Department at 375,000 tons more than last year and as the price for this commodity 
is also lower (Table II), enquiries were made whether any of the refineries which 
remained idle in the season 1924-25 would start working this year. The replies 
received show that 18 are treating gur this year (i.e., season 1925-26) as against 13 
last year. 

. Table II. 


Period 

Average price per 
inaund of refining 
gur at Sisiva Bazar 
(principal market 

for this material in 
Gorakhpur District) 

Average price per 
maund of refined 
sugar (Java White) 
at Calcutta 






lla. A. 

p. 

Ra. A. 

p* 

December 1926 

» 

. 


• 

3 12 

9 

10 S 

9 

January 1926 

• 

- 


• 

3 14 

0 

10 15 

0 

February „ ... 

• 

• 


• 

4 3 

6 

11 7 

9 

March „ ... 

• 

. 


• 

4 6 

0 

11 5 

0 

April „ ... 


• 



4 B 

0 

11 10 

3 


In conclusion, we have to express our obligations to the managing agents and 
proprietors of various refineries for the readiness with which they furnished us with 
the statistics worked up in this note. [Kasanji D. Naik.] 


WORLD'S POULTRY CONGRESS, OTTAWA, CANADA, 1927. 

The Third World’s Poultry Congress will be held in the city of Ottawa from 27th 
July to 4th August, 1927, under the presidency of Mr, Edward Brown, F.L.S., of 
London. His Excellency the Governor-Oeneral Baron Byng of Vi my has con- 
sented to act us the Chief Patron. Invitations have been issued to practically all 
foreign countries and all sections of the British Empire, and the Congress promises 
to be the largest international gathering which hss taken place in Canada. A 
poultry exhibition will be held in connection with the Congress, and it is antioi{)ated 
that ainoog the exhibitors will be Their Royal Highnesses the Prince of Wales, the 
Queen of Spain and the Queen of the Belgians. 


Q 
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All corrcHpondenoe regarding the Congress is to be addressed to the Secretary, 
Ernest Rhoades, Experimental Farm, Ottawa. 

m 

COTTON NOTES. 

Through the courtesy of the British Cotton Industry Research Association, the 
Secretary of the Indian Central Cotton Committee has sent the following abstracts 
for publication 

CuLTUHL OF (\)lTON SoRE~SHlN FUNGUS. 

The fungus Jihizoctonia Kolani, which is responsible for the sore-shin ’’ disease 
of cotton seedlings, was induced to produce its fertile stage Corticium vagum under 
experiH]ent<al conditions. A marked variation in culture was observed between the 
strains from h'gyj)tian cotton and some of those from other countries when grown 
und(*r identical conditions. Strains from India, Euglaiul and United States of 
Aimuica were used and the best medium for all was found to be steamed potato. 
The (liiferences between some of these strains were retained throughout the experi- 
ments and affected the microscopic characters of the cultures, rate of growth at 
different tein])eratures and virulence on certain hosts. Differences in the micros- 
co})i(j characters vere less chmrly defined. iTie author regards all the isolations 
studied by him as strains of R. solani, [Rev, MycoU>gy, 1925, 4 , 130 : from 

Trmis. Bril, Mycol. Soc., 1924, 9 , 200-210. H. R. Briton- Jones.] 

Variety Tests wiih Con’ON in EcYrr (State Domains). 

The crop yields of varietal trials in the State Domains for the years 1 91G to 1921 
are subjected to statistical interpretation. Variety cheijuer plots with six repeti- 
tions per feddan provide an arrangement insufficiently critical for testing cotton, 
which responds markedly to small variations of envdroument. On this plan, varia- 
tions under 8*7 jier cent, in yield are not significant. An increase in the number 
of repetitions, the standardizing of rotations, measured waterings and other pre- 
cautions to assure uniformity in treatment are thought admirable. [Min. Agri. 
Egypt, Tcchn. Sci. Ser. Bull 51, pp. 16. Trevor Thought.] 

Application of Sodium SilicofluoRide. 

Some experiments have been made on the toxicity of sodium and potassium 
silicofluorides, and other related compounds, as stomach poisons for insects when 
used in the form of spray fluids. The results are in general agreement with 
those of Macrovitch who used the sodium compound in the form of dust, 
and support the view that this substance has interesting possibilities as an inseo- 
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ticide. Some data are given and it is stated that the toxicity was slightly, but pro- 
bably not significantly, less when 1 per cent, of saponin was added to the H[)ray 
fluid. The foliage of the hazel twigs, which was sprayed with very fine suspensions 
of the silioofluorides in water, was uninjured. [Ind. E'tig, Chem,, 1925, 17 , 323. 
F. Tattersfield and C. T. Gimingham.] 

Description of Humidity Recordehs. 

An account is given of the equipment at the Weather Bureau of tin* United 
States, with brief notes on the history of the instruments. Tluise incliidti wet and 
dry bulb psychromoters (with mach and hand whirling typ ‘s), Lamp eclil’s 
and Marvin’s hair hygrometers, and a hair hydrograph. iJour. Opt. Soc. Atnerica, 
1925, 10 , 352-359. Roy N. Covert. 

Pink Bollworm Larva in E(;ypt. 

In Egypt the pink bollworm passes from one cotton season to the next mainly 
as a full-fed larva in a small coco' n of silk, usually spun between two cotton seeds, 
one of which has been eaten out by the larva. When buried in the ground, ilie death 
rate of the larvjc in^ reases from the surface downwards ; at 30 cm. none survives. 
The death rate is more rapid if the land is kept moist, especiallv by heavy watering 
every two weeks. The larvaj die very rapidly in berseem, the usual rotation crop. 
They survive a little longer in wheat, whilst i:i fallow .several live till the next cro}). 
[Min. Agri, Eggpt^ Techn. Sci. Serv. Bull. 58, pp. 7. C. B. Williams and Ibrahim 
Eff. Bishara.] 

Cultivation of Sea Island Cotton, 

Observations on spacing suggest that plants sliould be spaced as clos as is 
compatible with proper access to light ; and that vegetative branches may be sup- 
pressed by drilling and deferred tliinning until from five to six week.s afler seeding. 
The development of these vegetative branches ajjpears to be inimical to the j)roduc- 
tion of fruit on the fruiting branches of the central axis of the plant. Excessive 
shedding in St. Vincent is due to disease {Bacterium maivacearum) and physiological 
reasons. Physiological shedding in St. Vincent is due mainly to a check in the 
ass&nilative activity of the leaves and not to root asphyxiation. Boll dropping 
wouldapparently be considerably reduced by planting (deferred) unti late in August. 
[Exp. Sta. Rex., 1925, 52 , 132 ; from Sf. Vincent Agri. Depi. Rpis., 1921, pp. 4-15, 
27-33 ; 1922, pp. 3-^20, 27-33, fig. 1. Sir B'rancis Watts and others.] 

Cotton Flea in S. Texas. 

The capsid, Psallus sivriatus Rent., is thought to bo responsible for serious damage 
to cotton in S. Texa . During 1923 the loss from this cause was much greater than 
fri m the boll weevil, no crop whatever having been produced on hundu ds of fields ; 
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and in 1924, though the injury was much less, it was still very considerable in Calhoun 
and neighbouring countries on the coast. The damage is thought to be due to the 
transmission of a virus, which results in the blasting of young squares, a reduction 
in fruiting branches and the excessive growth of the main stem. A similar form of 
injury was reported in July 1924 in Georgia and S, Carolina. [Exp. Sta. Bee., 1925, 
52 , 454 ; from Jour. Econ. Ent., 1924, 17 , 604. W. D. Hunter.] 

Texas Root Rot Fungus (Ozonium omnivorum). 

A study of the life-history of Ozonium omnivorum, the fungus responsible for the 
root rot of cotton in Texas, is described. Numerous cultures were made on differ- 
ent media and kept under different conditions, but they always remained sterile. 
The author found what he believes to be the perfect stage of this Ozonium on a 
sprout of osage orange growing in the neighbourhood of a cotton field ‘‘ dead spot ’’ 
in which the plants had all been killed by tliis fungus. An examination of the 
wilted plant showed that the typical mycelial strands of yellowish hypha^ extended 
up the stem several inches from the soil and there began to change into a subiculum 
which surrounded the stem and formed a hymenium with the typical spines of a 
species of Hydnum, a description of which is given. [Jour. Agri. Mes., 1925, 30 , 
474-477. C. L. Shear.] 

Reversing Spiral Measurements of Cotton Hair. 

Selections from a mass of statistical data describing the dimensions and form 
of the spiral arrangements which occur in the cell wall of cotton hairs are prt sented. 
The spirals may be dexter or sinister, and their reversals are apparently predeter- 
mined during growth in length. Genetic and ordinary environmental influences 
do not affect the statistical peculiarities of the reversals. The final adult length of 
the hair and the time taken in reaching that length, do affect the reversal distribu- 
tion. Nearly all the seed hairs of Gossypium begin to grow' on a sinistra! spiral, 
i.c., the opposite hand t ; an ordinary screw thread. The basal sinistral spiral 
increases in length, is broken up, and later additions may be made to its frag- 
ments. Similar extension, fragmentation, and subsequent addition take })lace with 
the later dextral spiral. The angle of the helix varies somewhat around two nodal 
Values, namely, approximately 27*^ dexter and 27"^ sinister. The local variations 
of the angular value are quite unaffected by inversion of the “ hand of the angle 
from dexter to sinister. Dexter and sini ter wall Ktruc!ur( S have been found in 
some hairs to have different structural properties in th ir resistance to collapse 
after the death of the cell. A tentative explanation of the cause of reversal is 
offered, but attention is drawn to its insufficiency and to the need for experi- 
mental evidence. [Proc. Roy. Soc., 1926,3®, 130-147. W. L. Balls and 
H. A. Hancock.] 
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Cotton Ctjltivation in Barbados. 

There were 2,687 acres under cotton, which yielded a total of 1,606,781 lb. seed 
cotton, or, at an average ginnery outturn of 24*5 per cent., 393,340 lb. lint, i.e,, 
146 lb. per acre, and 1,183,231 lb. of seed. Exports for the year October 1923 to 
September 30tb, 1924, amount to 791 bales of 506 4 lb. weighing in all 409,767 lb. 
and valued at £37,561 or an average of 22d. a lb. 

The pink bollwonn is now to be found in all the cotton districts of the islan 
and preventive measures are enforced by law. The leaf blister mite and the cotto 
aphis did little damage during this season. 

Yields of over 1,000 lb. seed cotton per acre were obtained in certain districts. 
Extensive meteorological data are given for the whole of the island. [Rept. Dept, 
Agri,, Barba, dos, 1924-1926.] 

Structure and Swelling of Cotton Hairs. 

The author suggests that in comparing cottons, measurements of cross sectional 
area should replace measurements of staple length, as being capable of more accu- 
rate determination. He refers to some detailed but not widely known investiga- 
tions of Corda, and gives a table showing some of Corda’s measurements of diameters 
of uncolhipsed and collapsed hairs and also of wall thickness. He describes Herzog's 
method of measuring cross-sectional area, but rejects the method as impracticable. 
The author describes a new method of arriving at the area of cross section from 
measurement of the weight of a known number of hairs of measured length. The 
weight is obtained on a Kuhlmann micro-balance to a degree of accuracy of 1 per 
cent, and the weight involved requires the counting and measuring of only some 
30-l(K) hairs, which it is claimed takes not more than 10-30 minutes after practice. 
Details of the weighing operation and length measurement under the microscope 
are given, together with a table of results. Investigations into the convolution of 
the cotton hair in the dry and wet condition are described, and the results indicate 
that the number of half convolutions calculated in the manner described in the wet 
hair is only about half that of the dry hair. The latter part of the paper is devoted 
to the structure of the hair and to the phenomenon of swelling. A method of 
isolating the cuticle is described, and an iliastrated account of the structure and 
characteristic markings of the cuticle is given. The spiral fibrillar structure of the 
cell wall is described in detail, with slides, and the relationship between convolu- 
tion and spiral structure, and the significance of the grooves or folds observed in the 
hair, are discussed. The complicated phenomena of swelling may be largely ex- 
plained from considerations of structure of the hair. Swelling or non-swelling is 
determined inter alia by the direction of diffusion of the reagent causing swelling, 
[Z, angew, Bot., 1925, 7, 67-73. 0. Dischendorfer.] 



Personal Notes, Appointments and Transfers, 
Meetings and Conferences, etc. 

We offer hearty felicitations to Dr. E. J. Butler, C.I.E., on his admission as a 
Fellow of the Royal SociSty. He is the first member of the Indian Agricultural 
Service to be so honoured. 

m 


His Majesty the King-Einperor’s Birthday Honours List contains the following 
names which will be of interest to the Agricultural Department : — 

C. I. E. — Mr. G. R. Bajpai, C.B.E., I.C.S., Offg. Deputy Secretary to the 
Government of India, Department of Education, Health and Lands. 
Mr. G. Clarke, F.I.C., F.C.S., Director of Agriculture, United Pro- 
vinces. 

Khan Bahadur , — Khan Sahib Maulvi Fateh-ud-din, B.A., M.R.A.S., 
A.R.H.S., Personal Assistant to the Director of Agriculture, Punjab. 

Rai Bahadur , — Rai Sahib Tundi Lai Powar, B.A., Extra Assistant Director 
of Agriculture, Central Provinces. 

Khan Sahib . — Maulvi Abdiir Rahman Khan, First Assistant to the Imperial 
Economic Botanist, Agricultural Research Institute, Pusa. 


Mr. J. a. Mad an, I.C.S., assumed charge of the duties of Joint Secretary to the 
Royal Commission on Agriculture on Ist July, 1926. 


Mr. W. j. Jenkins, M.A., B.Sc., has been appointed to officiate as Secretary* 
Indian Central Cotton Committee, Bombay, vice Mr. B. C. Burt on leave. 


Mr. a. M. Mustafa, B.A., Bar-at-Law, has been appointed Agronomist at 
the Agricultural Research Institute, Pusa. 


Babu Kalipada Maitra, Special Water Hyacinth Officer, Bengal, has been 
allowed privilege leave for two months. 

( 412 ) 
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Mr. R. Branford, M.R.C.V.S., Superintenclent, Government Cattle Farm, 
Hissar, has been granted leave on average pay for eight hionths. He made over 
charge of his duties to Messrs. W. S. Reid and Gulam Hussain on 28th March, 
1926. 


Mr. F. D. Odell, B.A., Deputy Director of Agriculture, West (’(uitral Circle, 
Burm V, has been granted combined huivc for eight months. U MMiing G. 
Assistant Director, has l)een ])laced i?i charge of the Circle, in addition to his owi' 
duties. 


The Fourteenth Meeting of the Indian Science Congress will be lield in Lahore 
from 3rd to 8th January, 1927, under the presidentship of Sir J. C. Bose, F.R.S. 

The Sectional rresidents will be : — 

AgricuUiirt. — Mr, F. J. Warth, Physiological Chemist, Imperial fnstitute of 
Animal Husl)andry and Dairying, Bangalore. 

Mathematics and Physics. — D|:. D. M. Bose, Professor of Pliysics, University 
College of Science, Calcutta. 

Che^nistry.— Dt. H. K. 8en, Professor of Applied Chemistry, University College 
of Science, Calcnitta. 

Zoology . — Major R. B. S, )Sewell, Director, Zoological Survey of India, Calcutta. 

Botany. — Dr. M. A. Sampathkumaran, Professor of Botany, Central College, 
Bangalore. 

Geohgy. - Y)t. L. Dudley-Stamp, Professor of Geology, University of Rangoon. 

Meddcul ami Veterinary Kesemch , — Major R. N. Cho])ra, School of Tropical 
Medicine, Calcutta. 

Anthropology. — Dr. J. H. Hutton, C.I.E., Deputy Commissioner, A.s.sain. 

Psychology . — Major Owen Berkeley-IIill, Ranchi. 


The AlMndia Poultry Exhibition will be held at ('alciitta from 9th to 11th 
December, 1926. On the second day, a Conference of all interested in the promo- 
tion of poultry farming in India will meet under the patronage of Dr. D. ( louston, 
CM.E., and under the chairmanshij) of Dr. Harold H. Mann. A f(‘e of Rs. 5 has 
been fixed for registration of members who are invited to send to Mrs. A. K. 
Faw^kes, Lucknow', before 1st October, 1926, any paj)ers which they ])ro]>o.se to 
contribute to the Conference. 



REVIEWS 


The Storage of Eggs.— S pecial Report No. 26 of the Food Investigation 
Board of the Department of Scientific and Industrial Research. By 
T. Moran and J. Pique. Pp. vin+80+9 plates. (London : H. M. 
Stationery Office.) Price Is. 3<i. 

The report is full of most valuable information to those desiring to place their 
surplus production of eggs in cold storage. 

Results of careful experiments into the effect of temperature upon eggs reveal 
new and startling theories, among which we notice with great interest that fertile 
eggs maintain their fertility best and for the longest space of time in the region of 
46 4° F. to 50 0° F. and that this maximum period is determined by the strain of 
the fowls. It is suggested that some degree of incubation starts at as low a point as 
60‘8° F. and therefore the storage qualities of eggs are lessened by any exposure 
to air temperatures above this point. One day’s normal incubation or exposure of 
the egg to a temperature of 68° F. to 79'8° F. will reduce the storage life of an egg 
from 21 days to six days. On the other hand, the life of a fertile egg is also consider- 
ably reduced by exposure to temperatures below freezing point, so that the prac- 
tical conclusion is that eggs should be stored at a temperature of 32° to 33° F. only, 
with the humidity of the air in the store constant at 80 per cent, combined with 
continuous ciiculation of the air in the store. Freezing of the egg must be 
avoided ; on removing from the store de-frosting or gradual return to warmer 
temperatures is necessary to prevent the sweating and consequent spoiling of the 
stored egg. 

Valuable advice as to packing eggs intended for storage is given, as well as inter- 
esting infonnation regarding the testing of eggs for freshness and condition. 

For small holders waterglass solution of 6 per cent, strength is recommended for 
the preservation of eggs, though it is pointed out that a cool place is required where, 
if possible, the temperature should be constant in the range of 33° F. to 45° F. for 
successful preservation of such eggs. 

We regret that no information is given as to the superiority of infertile as against 
fertile eggs for cold storage ; we wouM imagine the former to be infinitely better ; 
it is merely stated that there is no objection to storing fertile eggs, provided they 
have not been subjected to high temperatures. 

As Great Britain imports annually eggs to the value of nearly £14 million sterling, 
it is a point of great commercial value to her that none of her surplus production of 
eggs in the summer season be WRsted ; therefore this Report must be of infinite valuQ 

{ n4 ) 
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to the owners of cold storage plants at home. It is of value to us here in India also 
in that it shows that we have little hope ever of competing successfully in the egg 
trade with the West by means of the cold .‘torage method, as eggs in this country 
are seldom, if ever, laid in a temperature less than 60"^ F., except in the hills under 
winter conditions. Therefore it is well-nigh impoj^sible for us to collect eggs under 
the correct conditions previous to cold storage. 

Our only solution is by means of machinery to convert eggs into a dessicated 
powder which will keep good for a long time, and it is this trade which we hope will 
be developed in India in the future. Our peasants could be taught to store their 
surplus eggs in waterglass or lime water in underground pits that would maintain 
an even temperature somewhere near the ideal which the report proves advisable. 
These stored eggs could be used in the above mentioned factories for dried eggs, 
or even sold in the cold season in the bazaar when eggs fetch high prices. 

We would urge all poultry farmers to study this valuable work on eggs, as it is 
of absorbing interest. [A. K. F.] 


The Cotton Growing Countries : Prebent anp Potential Production, 
Trade and Consumption. International Institute of Agriculture, Rome. 
(London : P. S, King & Co.) Price 12s. Orf. 

This is a revised and enlarged edition of the International Institute’s monograph 
The Cotton Growling Countries ” which first a])peared in 1922. The new mono- 
graph presents in a convenient form a general sur^’ey of ( otton production in the 
world and includes a valuable statistical appendix. The progress of the crop in the 
principal producing countries is well discussed and much valuable information given 
about the progress of cotton growing in countries and areas where the crop is com- 
paratively new. [B. C. B.] 


B 



NEW BOOKS 


On Agriculture and Allied Subjects 

1. Wheat-breeding Investigations at the Plant-breeding Institute, Cambridge, by 

Sir R. H. Biffen and F. L. Engledow. Ministry of Agriculture Research 
Monograph No. 4. (London : H. M. Stationery OflBce.) Price 4.9. net. 

2. Catalogue of the Printed Books on Agriculture published between 1471 and 

1840, with Notes on the Authors, by Mary S. Aslin. Pp. 331+22 plates. 
(Harpenden, Herts : Rothamsted Experimental Station.) Price 12^. 

3. Soil and Civilization : A Modern Concept of the Soil and the Historical Develop- 

ment of Agriculture, by M. Whitney. Pp. x+278+5 plates. (London : 
Chapman & Hall, Ltd.) Price 15.9. net. 

4. Dairy Cattle : Selection, Feeding and Management, by W. W. Yapp and W. B. 

Nevens. Pp. xvii+378. (London : Chapman and Hall.) Price 11.9. net. 

6. The Nervous Mechanism of Plants, by Sir J. C. Bose. Pp. xix+224. (London : 
Longmans, Green & Co.) Price 16.9. net. 

6. Citrus Diseases and their Control, by Howard S. Fawcett ; with sections on 
Oriental Citrus Diseases, by H. Atherton Lee. Pp. xii+582 ; 205 figs. 
(New York : McGraw-Hill Book Co.) Price $ 3. 

The following publication has been issued by the Imperial Department of 
Agriculture in India since our last issue : — 

Memoir. 

1. Nutrients required for Growth Production with Indian Food-stuffs, by F. J. 
Warth, M.Sc., and Izaz Ahmd, B.Sc. Ag. (Chemical Series, Vol, VIII, 
No. 11 .) Price As. 3 or 4d, 
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CLAUD MACKENZIE HUTCHINSON, C.I.E., B.A.. 

Imperial Agricultural Bacteriologist, 1909 — 1926. 


ORIGINAL ARTICLES 


C. M. HUTCHINSON. Es«., C.I.E., B.A., 

Imperial Agricultural Bacteriologist, 1909-1926. 

AN APPRECIATION. 

On the retiring of Claud Mackenzie Hutchinson early this year, India and the 
Imperial Department of Agriculture lost its pioneer worker in soil bacteriology. 
The post of Imperial Agricultural Bacteriologist was one of the original posts as Head 
of a Section created at the foundation of Pusa, but the Section did not start work 
till the appointment of Hutchinson in December 1909. Hutchinson was educated 
at Glenalmond and St. John’s College, Cambridge, where lie graduated in 1891. 

Pusa was fortunate in securing a man of the experience and capacity of 
Hutchinson to work in the virgin field of agricultural bacteriology, for he had had 
some years of experience of research work in India with the Indian Tea dissocia- 
tion, to which he was appointed in April 1904 as Assistant Scientific Officer, and jii 
May 1907 he succeeded Dr. Harold Mann as Chief Scientific Officer. Unfortunate ly 
his health failed to stand the climate of As.'^ain, and compelled him to resign early 
in 1909. While with the Tea Association he engaged in fruitful investigations on 
red rust in tea, and on taints in packed tea, as well as the manurial and other experi- 
ments conducted at the Heeleakea Experiment Station. 

His experience in equipping a laboratory and in the laying down of experimental 
plots and the appreciation of the yields from such plots was of exceptional value 
both to himself and to the department on his appointment to Pusa. Here he had to 
start afresh, equipping his laboratory and training assistants. The laboratciy 
accommodation available in the main building was inadecjuate, and there was no 
provision made for experimental plots. He therefore had an outside laboratory and 
pot culture house built, and a small area laid down in experimental plots. Before he 
retired, the laboratory accomme dation and equipment of the Section had improved 
out of all recognition, and assistants or students trained under his direction were to 
be found in most of the provinces. 

One of the most striking features of his work at Pusa is the astonishing variely 
of problems in the solution of w^hich he was engaged. In addition to his work on 
soil biology, dealing with the problems connected wuth the nitrogen supply in soils, 
the utilization of indigenous sources of phosphoric acid, green-manuring, the pro- 
duction by bacterial agency of substances toxic to plant life, he also published 
work on bacterial diseases of plants, diseases of silkworms, alcoholic fermentation, 
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bacterial activities in indigo manufacture, and on the manufacture of stable 
hypochlorite solutions for water sterilization and antiseptic purposes. 

His interests were many-sided. He was an exceptionally gifted photographer, 
and during the years in Which he had charge of the photographic work at Pusa the 
q uality of that work was vastly improved . In hi s last year at Fusa he devoted much 
time and cai^e to the preparation of a series of cinema films of agricultural operations, 
which in the plains of India during the hot weather and rains makes large demands 
on the patience, skill and ingenuity of the operator. 

From its infancy, he was interested in motoring, and was one of the earliest 
motorists in North Bihar. 

In his first few years at Pusa he took an active part in all the out-door games 
of the station, but later was compelled by indifferent health to desist from the more 
strenuous of them. He was responsible for the present golf course at Pusa, and 
his advice on the laying down and management of turf for greens and fairways 
was often sought and freely given. 

The merit of his scientific work received official recognition in 1920, when he was 
created a C.I.E. 

His departure is a distinct loss to the department and leaves a gap in the ranks 
of workers in the cause of agricultural science in India that will be hard to fill. 
[J. H. W,] 



SOME KECEKT ADVANCES IN THE PKOTECTION OE CATTLE 
AND OTHER ANIMALS AOAINST DISEASE. 


[PArEKM bliOM THK JmJ’KKJAJ. iNSTriUXK Ob VK'JEiaNAKY H , ]Vil K^ll-8AK 

{Directory Mu. J. T. EDWARDS (on lkavk) ; Secretary for Publivationi<y Mr. 
S. K. SEN).] 

Vm. VACCINATION AGAINST BLACKQUARTER IN CATTLE AND SHEEP. 

The ex|)erieiie(‘ of mai»y workers abroad and of this Institute during the last four 
y(‘ars iudicates that a satisfactory, active or prolonged iniinunity can be set up 
jigainst the above disease by preventive inoculation with a geiin-fne/' safe jjioduct 
conunonly known as an “ aggressin.'’ The “ aggressin is prej)ared by cultivating 
the germs of blackquarter in suitable culture media or animal tissues, the extracts 
of which after filtration through a bacterial filter are “ gcrindree. ' The ‘‘ germ- 
free” filtrate thus obtained contains certain properties elaborated by the genns that 
are known as “ aggressins,” which are held to be nomtoxic in themselves but enable 
the germs when they gain entrance into the body to gain a foothold, or become 
‘‘ aggressive ” ; without the support of these so-called aggressins ” the germs 
would be innocuous. After inoculation with the germ-free fluid containing these 
aggressins ’ ’ the ani mal body develops in the course of a few days an active immunity 
against them, which enables the animal subsequently to withstand invasion with 
the germs of blackquarter. It will be understood that during the few days (5 to 7) 
thatthebody is developing this response it is still susceptible, and the “ aggressins ” 
may aid actually in developing the infection. For short, the “ germ-free ” fluid 
containing the “ aggressins ’’ is issued under the name “ blackquarter aggressin.” 

For many years, blackquarter was understood to be caused by a specific germ, 
the bacillus of blackquarter. Modern researches have showji that cattle become 
alfected with disease that cannot be diagnosed clinically otherwise than as black- 
(juarter, caused by more than one germ. In addition to the germ originally known 
as the bacillus of blackquarter, now commonly more precisely known as Bacillus 
chauvoeiy cases of blackquarter occur which are set up by the germs of what lias 
been termed ‘‘ malignant oedema ” or gas gangrene,” and the most notable 
of these germs goes by the name Vibriov septique. In India, sporadic cases oi 
blackquarter have been actually found to be caused by the geims of malignant 
oedema, and not by the true blackquarter bacillus, B. chauvoei. W e have reason to 
believe, however, that veritable outbreaks of blackquarter are caused by the true 
blackquarter bacillus, while sporadic cases, especially those associated with trau* 
matism, may be caused by the other organisms of the malignant oedema group. 

Hence, the blackquarter aggressin ” issued from Muktesar for preventive 
inoculation has been prepared from what has been autlientically deteimiiud to be 
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B. chauwei as well as from about one hundred “ strains ” derived from material 
kindly forwarded to the laboratory by veterinary workers from various parts of 
India. The “ aggressin ” may therefore be termed a “ polyvalent ” one. 

The dose of the “ blackquarter aggressin ” for cattle varies from 6 to 10 c. c., 
depending on the size of the animals, inoculated subcutaneously. For sheep, the 
dose is proportionately smaller, 1 to 2 c.c. 

Animals should be inoculated preventively about one month before the onset of 
the season when outbreaks are commonly known to occur. It i s a wise plan to repeat 
the inoculation in about 9 to 10 days, for the reason that a single inoculation is not 
highly effective as a means of intervention to ward off infection due to some of the 
“ malignant oedema ” organisms : a single inoculation, however, appears to be 
sufficient to protect against infection due to B. chauvoci. The artificial immunity 
set up is believed to remain sufficiently strong to prevent natural infection for at 
leqst a year, wliich covers the time in an animal’s life when it is most susceptible to 
blackquarter, and hence calves or yearlings may obtain in this manner adequate 
protection to carry them through to the time when they develop sufficient natural 
immunity. 

The “ blackquarter aggres.sin ” ]) 08 .sesses the following marked advantages over 
the older, powder or pillule (Arloing’s) form of vaccine (i) It is safe ; (ii) it is 
conveniently administered, by subcutaneous inoculation ; (iii) its mode of manufac- 
ture can be more readily regulated so as to obtain an efficacious product. The 
powder or pillule form of vaccine, on the other hand, has these disadvantages 
(i) It acts in virtue of containing minimal numbers of active, fully virulent spores of 
the blackquarter germs ; (ii) if excessive care is taken to make the vaccine “ safe ” 
It is likely to be inefficacious ; (iii) if steps are taken to ensure that it is undoub- 
tedly efficacious, then it is likely that a dose may contain a dangerous amount of the 
living germ. These defects have been ascertained to be of frequent actual occur- 
rence. Sufficient evidence is now deemed to have been obtained concerning the 
efficacy and safety of the new product, “ blackquarter aggressin,” when applied in 
ordinary field conditions in India, and hence in future it is intended to issue this 
product to comply with indents, except when indenting officers distinctly specify 
that they require the “ pillule ” vaccine. Adequate stocks of the “ aggressin ” are 
m course of preparation to meet all likely demands. 

The Institute also manufactures an anti-blackquarter serum for issue. The 
serum is of value in cutting short the spread of blackquarter in the scene of 
actual outbreaks, especially those that are running a very virulent course. In such 
outbreaks thebest method to adopt is to inoculate all the animals exposed to danger 
TOtha dose of anti-serum (dose for cattle==16 c.c.). The protection conferred by 
the serum, however, lasts only about 9 days, and hence in order to obtain a durable 

immunity the animals should be inoculated simultaneously with the “ blackquaiter 
aggressin. ^ 



RICE SEED-TESTING. 


BY 

8. K. MITEA, M.S., Ph.D., 

Economic Botanist to the Government of Assam ; 

AND 

PARESH MOHON GANGULY, 

Botanical A ssistant. 

An ex))erinH‘nt to te^t tlie viability of paddy 8eed^5 of different varieties, ranging 
from one to tliree-year old, was commenced at Karimganj farm in January 
1923. Seed-testing is still being continued for further study. In order to cany out 
the work satisfactorily five seed-testing wooden boxes of the size of 25" x25" x4" 
were made for tlie purpose. As rats are a common pest in the farm the boxes were 
fitted with wire gauze lids. 

The boxes were filled with two-inch thick sawdust. A piece of blotting paper 
marked witli 2" > 2" srjuares, liaving one-half inch interspace between thim, was 
then placed over tlie sawdust which was always kept soaked by sprinkling water. 
A hundred graii\s of a variety were ])ut in each square. A small piece of blotting 
pa[)er was ])inned over the grains in each square with a small label so as to keep the 
grains intact. They were then covered with a large sheet of moist blotting paper. 
This double covering was adopted for the reason that as the paddy seeds are hairy 
they adhere to the paper as soon as it is put on and are easily displaced each 
tinn^ the blotting cover is lifted. The seeds were tlius kept soaked by sprinkling 
water at intervals for some days until they stopped germination. The number of 
germinated seeds was calculated for each variety and the percentage of viability 
determined. 

Experiments on seed-testing were carried on under three heads as follows : — 
( 1 ) Viability of rice .seeds for three successive generations ; (2) comparative germina- 
tion of old and new rice seeds ; (3) resting period and geiminating capacity of rice 
seeds. In all cases sound seeds of each variety were used for the germinating 
test. 

VlABIITY OF SEEDS FOR THREE SUCCESSIVE GENERATIONS, 

A-~SaiL One hundred and sixty-seven types of m? paddy were tested. The 
seeds of 1922 germinated alipiost cent per cent. Of the 1921 seeds only 38 varietieF 
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germinated, while the rest showed no sign of germination, the percentage of germi- 
nation varying from 1 — 56 per cent. Of these, only 8 varieties germinated 40 — 56 
per cent, and 18 varieties below 10 per cent. The average percentage was calculated 
to be only 4. Many seeds gave out a very weak caiilicle, showing their weak vitality, 
and were not strong enough to grow in the field. The seeds of 1920 showed negative 
results. 

B — Aus. (i) Fifty-six ty pes of broadcast a w.s- were tested for germination. The 
1922 seexis germinated satisfactorily. Of the 1921 seeds 46 types germinated ; the 
percentage of germination varied from 5 — 99 per cent., the average being 67 percent* 
Only 10 varieties germinated below 50 per cent, and 19 varieties 90 per cent, and 
upwards. The seeds of 1920 did not germinate at all. 

(ii) Eighty- one types of transplanted aus were taken for germination. The 
1922 seeds germinated well. Of the 1921 seeds 61 types germinated. The percen- 
.tage of germination varied from 2 — 99 j>er cent. (9 varieties below 10 percent., 
8 varieties 90 per cent, and upwards), having an average of 35 per cent. The seeds 
of 1920 proved abortive. 

C — Asra.- Thirty types were tested. Only the 1922 seeds germinated, while 
both 1921 and 1920 seeds did not germinate at all. 

Tlie viability of paddy seeds differs a great deal in different classes and also among 
the individual varieties to a certain extent. 

The following table will show the percentage of germination of ])addy seeds for 
three successive generations : — 


Table I. 


Percentage of g ernt in at ion of rice seeds for three snccessire gen er at ims . 


Class of paddy 

Years 

No of 
varieties 
tested 

No. of 
varieties 
gorininated 

Range of 
percentage ol 
germination 

1 Average 
j percentage 

Kkmarks 

( 

' 1920 . 

167 

nil 

nil 

nil 

The seeds 

Sail . . A 

1921 . 

167 

38 

1-66 

4 

were tested 

1 

1922 . 

167 

1«7 

100 

100 

in April 







I!>22. 

f 

1920 . 

CO 

nil 

nil 

nil 


Broadcast Ans A 

1921 . 

CO 

45 

C— 99 

67 


1 

1922 . 

CO I 

C6 I 

100 

100 


r 

1920 . 

81 

nil 

nil 

nil 


Transplanted Ans -s 

1921 . 

1 81 

61 

2—99 

36 


1 

1922 . 

81 

81 

100 

100 


r 

1920 . 

.30 

nil 

nil 

nil 


Asra , , .< 

1921 . 

.30 

1 

2 

0-07 


I 





or nil 


1 

1922 . 

.30 

30 

100 

100 
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year. 1922 1921 1920 

Fig. 1 . Curves showing the percentage of germination of rice seeds for three successive 
generations from 1920-1922. 

From Table I and the curves in Fig. I, we see that broadcast and transplanted 
aus have better germinating capacity than mil and asra^ while the percentage of 
germination is the lowest in a,sra and that three-year old seeds cease to be productive 
in any case. 

Comparative germination of old and new seeds. 

The rate of germination of rice seeds differs in different classes and also rmeng 
the individuals of the same variety. Furthermore, old seeds germinate rather 
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more slowly than new seeds. Table II shows a •’.omparison of the rapidity of 
germination of different classes of rice seeds, both old and new. The modes in the 
two sets of curves in Fig. 2 iicdicatc the highe.st number of seeds germinated in old 
and new seeds on the sixth and the third day respectively. 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Number of days. 

F Ig. 2. Showing the rate of comparative germination of old and new aeeds. 


From Table II and the curves in Fig. 2, it is evident that the percentage of germina- 
tion is more rapid in the case of avs than .sail. Moreover, old seeds cover a longer 
period for germination and the percentage of germination is very low. It may be 
mentioned here that only one-year old seeds were taken both of aus and sail for com- 
parison with fresh seeds. 



RICE SEED-TESTING 




Table II. 


ComjHirative gernmiatiori of old and new ^c(ds. 



Almost all new seeds germinated within five days from the date the test was 
started, whereas old seeds continued to germinate up to the eighteenth day when 
germination stopped. Itmayalsobe mentioned here that in old seeds which germi- 
nated late, in some cases rot ensued in the caulide after germination. 

Resting rEiuoi) and germinating capacity of rice seeds. 

There is always a certain resting period for all kinds of seeds more or less. To 
ascertain this a number of varieties, botli mil and aus^ w’ere tested. Table III and 
the ciirve> in Fig. 3 show^ clearly how the percentage of germination increases as the 
seeds grow^ older up to a certain period. 

Table 111. 


Resting period and germinating capacitg of rice seeds. 


(''JasH of 
paddy 

Month and year 

No. of 
varieties 
tested 

No. of 
varieties 
germinated 

Range of 
percentage 
of ger- 
mination j 

Average 
percentage 
of ger- 
mination 

Remarks 



Jamiarv 1923 

36 

21 

GO 

GO 

12 

The types were 








harvested in 



February . 

48 

43 

2—98 

27 

December 1922. 








In .faiuiary one 



March 

46 

45 

14—100 

86 

early type ger- 








minated up to 

Sail . 

J 

April 

13 

13 

84—100 

96 

88 per cent. 








while others are 



July . 

13 

13 

86—100 

96 

below 36 per 








cent. 



August 

13 

13 

72—^100 

90 




^ November . 

0 

2 

2—62 

9 
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Restwg period and germinating capacHy of rice seeds. 


Class of 
paddy 

Month and year 

No. of 
varieties 
tested 

No. of 
varieties 
germinated 

Range of 
{leroentage 
of ger- 
mination 

Average, 
percentage 
of ger- 
mination 

Remarks 


'' January 1924 

40 

20 

4—72 

14 



February . 

20 

19 

2—84 

35 



March 

34 

26 

2-^6 

24 


SAil 

^ April . 

34 

29 

2—96 

27 



May . 

34 

19 

2—52 

13 



June . 

34 

8 

2—34 

3 



, July . 

34 

3 

2—4 

0*22 







or nil 



August 1922 

()8 

67 

0—100 

50 

The types were 







harvested in 


September . 

01 

01 

85-100 

96 

July 1922. 


April 1923 . 

m 

50 

89—100 

90 


Broadcast 

August 

50 

50 

80—100 

96 


Aus. 








December . 

40 

35 

12--85 

50 



March 1924 

50 

45 

5—90 

57 



^ November . 

50 

nil 

nil 

nil 



September 1922 . 

12 

12 

4—100 

50 

The types wore 







harvest in 


October 

12 

12 

02—100 

06 

August 1922. 


April 1923 . 

50 

50 

93—100 

96 


Transplant * 

August 

50 

50 

89—100 

96 


ed Aus. 








December . 

30 

21 

0—72 

28 

! 


March 1924 

81 

61 

2—90 

35 



^ November . 

81 

nil 

nil 

nil 



From Table III and the curvcR in Fig. 3 it is evident that the fresh seeds of sail 
paddy do not germinate satisfactorily before March or April. The at/6* varieties, 
seem to have not much resting period, S])ecially the dumai types, the seeds of which 
germinate even ip the ear if they somehow com^ ip copt^,(;t with water. Other broad- 
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m2 ~l923 1924 


Fig. 3 . Curves showing the resting period and germinating capacity of paddy seeds for three successive genera- 
tions from 1922 to 1924. 

cast au.s variet ies and also the transplanted avfi varieties are found to liave germinated 
in the same way. Complete germination both in broadcast and transplanted avs 
takes place in less than two months from harv^esting. The seeds were taken for test 
after they were harvested and dried well. Though mil paddy is a cold weather crop, 
its prolonged dormancy may be supposed to be due to the intervention of the 
winter season. 

Simultaneously, in order to find out tlie exact time when rice seeds cease to ger- 
minate, they were examined every month until the percentage of germination came 
to nil. 

In Table III and* the curves in Fig. 3 it is clearly shown that the germination of 
rice seeds begins with a low percentage and that it increases gradually until the maxi- 
mum percentage is reached. The seeds keep up the maximum germinating strength 
for a certain length of time after which it begins to decrease until it comes to nil. 
In the case of sail paddy the germination begins with 12 per cent, in January 1923. 
It then increases until the maximum of 96 per cent, is reached in April 1923, which 
does not change up to July after which it begins to decrease slightly and in November 
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it has a sudden fall to 9 per cent. Although the percentage increases somewhat from 
February 1924 to April 1924, it finally comes to nil in July 1924. The condition is 
Almost similar in both broadcast and transplanted aus, but in both cases the resting 
period is shorter and the period of germination capacity is longer than in sail. In 
fact the satisfactory gerrnihati on ca pacity in aus remains intact for about 1 2 months 
from September 1922 to August 1923 after which it begins to deteriorate slowly 
until it comes to nil in November 1924. 

It is also noticed in the table and curves that in most cases the percentage of 
germination which was low from November to January improved to some extent in 
the comparatively warmer months of February, March and April after which it 
again fell down. From the above fact it appears that the cold weather hinders the 
germination of rice seeds. 


SCTMMARY. 

(1) Broadcast and transplanted avs paddies keep up their germination capacity, 
to a great extent, even in the second year. Sail paddy genninates very indi- 
fferently in the second year, while asra does not germinate after one year. Sail 
paddy germinates well up to August and September of the first year after which 
the seeds begin to lose their vitality until they become completely unj)roductive 
\yy June of the second year. 

(2) New seeds germinate quicker than old seeds, and the germination is mostly 
complete within five days, whereas old seeds continue to germinate for a longer 
period. 

(3) Fresh seeds of sail paddy do not germinate satisfactorily before March or 
April, i.e., their resting period is from 3 to 4 months. The aus varieties have not 
much resting period, specially the dumai and niuraJi. Complete germination of 
aus paddy takes place in less than two months. 



A MOSAIC-LIKE DISEASE OF SUGARCANE IN THE CENTRAL 

PROVINCES IN 1926. 

BY 

JEHANGIR FARDUNJI DASTUR, M.Sc. 

Mycoloyist to Government, Central Province, s. 


The mosaic disease of sugarcane in India was first discovered in 1921 at Pusa.^ 
The canes affected were D. 99 and Sathi 131. Since then this disease was not 
reported from Pusa or any other part of India, till recently w hen the Imperial 
Mycologist informed the writer that it had been again observed at Pusa and also 
in the United Provinces. This led the writer to examine the sugarcane-growdng 
farms in the Central Provinces to see if this disease w as also present here. 

On the Government farms in the Central Provinces, sugarcane is cultivated at 
Tliarsa, Waraseoni, Sindewahi, Adhartal, C'hhindwara, Drug, Chandkhuri and 
Bilaspur. Many vari(‘ties of cane, local and imported, were grown on these farms ; 
some of them were grown extensively w hereas others were for trial on a small scale. 
Four of these canes, viz,, Java 213, Khari, Co. 203, and Red Mauritius, w^ere found 
to be affected by a mosaic-like disease, but this disease was observed only on those 
farms where Java 213 was grown. For example, on the farms in the Chhattisgarh 
Division, and at Sindewahi and Chhindwara, this variety had not been introduced 
and none of the canes was affected by this disease, not even Khari though it had 
been cultivated for several years, both as ratoon and from sets, on all these farms. 
Even in the cultivators’ fields at Waraseoni and other places this variety was free 
from this disease. 8o far it was found to be infected only at the Adhartal farm 
where it was grown in several scattered blocks, but in all these blocks it was not 
diseased ; this year, only those were observed to be infected which w^ere in close pro- 
ximity to Java 213 w^hich was also cultivated in several scattered blocks. Khari 
seemed to be recently infected, because ratoon Khari between two blocks of Java 
213 did not show" much of the disease on mature canes, but new shoots and 
tillers from old clumps had badly mottled leaves ; again in another block of Khari, 
raised from sets, adjoining a Java 213 block, new shoots from old clumps had 
typical mottling of the leaves, whereas the mature cane was hardly affected. In 
addition to Khari at Adhartal, Co. 203 and Red Mauritius, w^hich had been grow- 
ing near Java 213, w"ere also found to be diseased. These canes like Khari seemed 
to be recently infected. 


* Bastur, J, F, The Mosaic Disease of Sugarcane in India, Jour, India, XVIII, pp. 505 — 509, 
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Java 213 was also grown at Tharsa and Waraseoni , and it was as uniformly affected 
on these farms as at Adhartal. All the plants showed the typical discoloured mark- 
ings on the leaves, but except for these markings the crop was perfectly normal. 
This variety was first received from Dr. Barber from Coimbatore at the Tharsa 
Farm in April 1918. From Tharsa it was, in the last two or three ye^irs, distributed 
to the Adhartal and Waraseoni farms. It was grown both from sets and as ratoons. 
Some of the ratoons being at least three years old, still this cane showed no secondarj^ 
symptoms of the disease, such as reduction iji tonnage since its first introduction 
at Tharsa, splitting of the cane, shortening of the internodes, etc. It therefore 
appears that this disease has not the same deleterious effect on (his variety as it 
has on susceptible canes in other parts of the world. Since the other canes, viz., 
Khari, Co. 203 and Red Mauritius, seemed to be only recently infected, it is too 
early to say what the cumulative effect of this disease would be on these varieties. 

Some of the varieties of cane which were growing in the immediate vicinity of 
Java 213, in addition to these three susceptible varieties, were Co. 226, Co. 219. 
Pounda, Co. 237, Co. 208, Sannabille, Co. 210, Co. 221, Co. 204 and Ashy Mauritius. 
Since these varieties were free from infection it may be that they are immune to 
this disease. 

The reason why Khari at Tharsa ajid Waraseoni had not become infected, even 
though badly diseased Java 213 was extensively cultivated, might be due to the 
accident of this variety not having been grown in the immediate neighbourhood 
of Java 213. 

Judging from the observations recorded it appears certain that Java 213 was 
the original source of infection toother canes. Since the first introduction of this 
cane in 1 9 1 8 at Tharsa, from where it had been distributed to Adhartal and W araseoni, 
it had not been reintroduced in these provinces, it is very probable that the original 
sets that were first received at Tharsa must have been from infected canes. There 
is also tiie proba])ility that this variety might have caught the infection from another 
diseased variety which might have been subsequently introduced, and its further 
cultivation later dropped. 

Though the symptoms of the disease are very typical still it is not unlikely that 
this disease may be overlooked, because markings which very closely stimulate 
those caused by the mosaic-like diseases are very often caused by insects and other 
agencies. Peculiar markings on canes were observed especially on Khari, Co. 219, 
Co. 21 0 and Dhaur which at first sight seemed very similar to those caused by mosaic 
and other similar diseases. However, they were not considered to be due to this 
class of disease because they were confined only to the opened leaves. The comple- 
tely unopened leaves were uniform in colour and showed no markings whatsoever, 
the partially opened new leaves had the markings only on the upper exposed parts 
of the lamina, whereas the basal folded parts w^ere perfectly free from the marldngs. 
Again the new shoots from sets recently planted and from ratoons after the mature 
canes had been cut were uniformly green in colour. The markings were not long!- 
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tudinaloriustreakn. They were more or less round or oval, individual spots being 
very minute and the resemblance to mosaic markings being evident only in those 
canes where they were not scattered but were very closely associated together. 
Some of the Farm Superintendents wer<^ of opinioji that these markings generally 
appeared year after year after the end of the rains. These marki ngs were the result 
of insect bites. 

At Drug, Khari showed a peculiar mottling on the leaves which very much 
resembled the mosaic-like markings on Java 213 and Khari and other canes, but 
the markings which consisted of stripes of different shades of green were confined 
only to the first two or three fully opened young leaves. The older mature leaves 
were uniformly normally green and the unopened leaves showed no markings what- 
soever. The new shoots from sets planted this season and also shoots from clumps 
allowed to ratoon this year were jiormal in every way. 

In a diseased cane the mottling is not confined only to a few leaves or to any 
particular part of the leaves ; but is found on all the leaves, even on the partially 
opened and the completely folded immature leaves, and it involves the entire leaf 
blade. 

The symptoms of the disease on Java 213, Khari, Co. 203 and Ked Mauritius 
are all similar. They very much resemble those described by Storey from South 
Africa. As a result of the disease the normal uniformly green colour of the leaves 
is broken by stripes of light green or pale yellow in colour wliich run parallel to the 
veins, but which are generally not confluent ; in these stripes from which the normal 
green colour has been washed out , as it were, are occasionally visible short thin dark 
green coloured lines, varying in length ; at times yellow or light green thin lines are 
found embedded in the normal greejx colour of the leaves. In some cases the infected 
leaves are crinkled and generally stand erect and stiff, especially the young leaves 
from tillers. The important ])oint of difference bet ween t his disease in the Central 
Provinces and the well known mosaic disease of cane in Java, Cuba, Porto Kico 
and other places, is that in the former case the patterns are in stripes of normal 
green colour and of yellowish or light green colour which run parallel to tlie veins 
and which do not run into each other. The discoloured portions do not form irre- 
gularly outliiunl islands or patches. Whereas iji the mosaic disease the patterns 
do not necessarily run jxarallel to the veins and are not in stripes ; the discoloured 
areas generally run across the veins and thus irregularly outlined designs are formed. 

It is therefore considered that this disease in the ( Vntral Provinces is not exactly 
the mosaic disease described by Brandes^ but is the streak disease described by 
Storey 2 from South Africa. 


^ Braudes, E. \V. The Mosaic Disease of Siigar(‘ane and othei- (Jrasses. U. aS. .4. Ve2*L Agri. Bull, 
829, 1919. 

tStoroy H. H. 8ta*ak Diaoase of Sugarcane. JMpt. Ayri, Union of JSoulh Africa *SV. Bull, 39, 1925. 
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As yet no definite organism has been proved to be the cause of mosaic and streak 
diseases on cane and other hosts. Nelson^ has found definite protozoan organisms 
in plants attacked by mosaic and related diseases. Kunkel^ has seen intercellular 
bodies similar to Negri bodies in maize affected with mosaic. Matz® has found 
granular plasma-like bodies in diseased cells of yellow striped canes. But so far the 
presence of these foreign bodies in diseased cells has not been proved to be the cause 
of the disease. 

Cytological study of the infected canes in the Central Provinces has shown the 
presence of foreign bodies in the tissues of infected canes, many of which are very 
similar to those described by Nelson. These protozoan-like bodies are found in all 
parts of the plants including the xylem vessels. As a rule, they are spindle-shaped 
with short or long flagella, one at each end, but the shape is not constant. The 
organism may adapt itself to the shape of the cell. In scleranchymatous cells with 
very thin lumen it is reduced almost to a long line. In small paranchymatous cells 
it is amoeboid in shape with one or more pseudopodia. These foreign bodies seem 
to divide by longitudinal fissures. These bodies so far have not been found in healthy 
canes. 

^ Nelson R. The Occurrence of Protozoa in Plants affected with Mosaic and Related Diseases 
Agri. Expt. Sta. Michigan, Agri. Coll. Tech. Bull. 58, 1922. 

Kunkel, L. O. A P<>asible (Causative Agent for the Mosaic Disease of Corn. BuU. Expt. Bta. 
IJatvaiian Sugar Planters^ Aa^ioc.., But. Ser., Ill, No. 1, pp. 1 — j4, 1922. 

* Matz. .1. Infection and nature of the Yellow Stripe Disease of Sugarcane (Mosaic, Mottling, etc.) 
Jour. Dept. Agri. Porto Rico, III, pp. 65* -82, 1919. 
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HAMA HRASADA, 

Offg, Assistant Ecmumnc Bolanist {working on coWm(), Cawnpon\ 

Jii all efforts at iiiiproverneiit of agriniltural (*roj)s, it is very essential to kec]) 
always iu view the object for which the work is undertaken. Moreover, it is also 
equally desirable to divide the work in two stages. In the first stage, we try to 
investigate and find out the laws which control the inheritance of the different 
characters composing the plant. This is best done, in plants propagated by seed, 
by disturbing the normal relations of the various plant characters with one another 
in a pure culture by hybridization methods. This bringing together of a set of 
opposite characteristics admirably serves as a means to ex])Ose the laws under which 
the plant tries to regain its e(]uilibrium wdiicJi, theoretically considering, is perha])s 
never reached. But the process discloses to the observer the innate relations which 
exist betw^een various cljaracters, uml tliese relations are either lost or maintained 
differently under abnormal conditions created in the hyl)rid by crossing. If the 
breeder is vigilant and keeps his object definitely in view, this preliminary study, 
of the inheritance of the individual characters and their mutual relation in subse- 
quent generations, furnishes him with an insight which is very important for guiding 
him in selecting the material wuth wduch to work up his ideal. In the second stage, 
wben he has to combine and fix up the different characters in directions useful 
to his purpose, the exjierience gained in the previous stage becomes an absolute 
necessity. Without passing through the former course, the breeder can hardly be 
successful iu the latter. Here he has to build uj) his plant by carefully eliminating 
certain characters and by bringing together only those features which ultimately 
have to stand for and result in ))roducing a commodity improved both quantita- 
tively and qualitatively. 

A study of the cotton jilant, in both the abovementioned stages, show s that the 
economic features of a good cotton plant are manifold.. In general tern»s, the first 
requirement decidedly is tJiat a plant .should be able to grow^ under the climatic 
conditions in which it is .sought to be introduced and cultivated later on. The 
next point to consider is that it should yield sufficient to make its cultivation 
profitable. Lastly, tlie quality of the j)roduce should be such as to attract notice and 
to get better price in the market. It must also be pointed out that from the sowing 
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to the harvesting time the cotton crop, like all others, is subjected to different 
vagaries of the season, such us rainfall, sunshine, cloudiness, exposure to eastern 
and western winds. Artificial ( )erations from time to time try to keep up the 
balance between the extreme conditions to which the crop is exposed during the 
growing period. The produce which the grower ultimately collects is thus a resul- 
tant product of all the conditions that have prevailed in the season. Seasonal 
conditions are never identical and their component factors fluctuate from year to 
year. The general average of their maximum and minimum limits characterizes 
a particular season. The produce is thus greatly influenced by the factors deter- 
mining the seasonal changes. The success of the plant-breeder depends in pro- 
ducing and fixing such combinations of characters in his improved strain as are 
able, as far as practicable, to fit into the weather and soil conditions of the parti- 
cular tract for which he is working. The seasonal variations affect the produce 
both in quantity and quality. Before one can go into the question of ascertaining 
the degree of such influences and also to measure the results they produce on the 
crop, it is first essential to study the variations that occur within the plant. As 
already stated, such study can extend to a nuniber of characters of which the plant 
is composed. The inheritance of the combination of two or more such characters 
can next be undertaken. In the present study some phases of the two characters 
of length of fibre and the proportion of lint to seed, are considered. 

In the United Provinces, cotton generally grown is of the type known as Bengals. 
It is characterized by having very short fibre. Some forms of Bengals such as 
(r. roseum are high yi elders, and the proportion of lint to seed is also greater than 
in other cottons, frequently touching 39 and 40 per cent. 

In the experimental work on cotton research at Cawnpore it was required to 
produce a plant with improved staple but with as high a ginning percentage 
as possible. In the course of this work difficulties wnre experienced in combining 
these two characters as they appeared antagonistic. This has also been recognized 
by other workers. The President of the Agricultural Section of the Indian Science 
Congress held at Bangalore in 1924 said in his address : — ‘‘ Within any agricul- 
tural variety there is undoubtedly a general tendency for long lint to be accom- 
panied by a low proportion of lint and for short lint to be accompanied by a high 
ginning percentage. It is fairly clear that no complete linkage exists but there are 
probably limitations on the extent to which the two can be combined. Fuller 
knowledge on this question is clearly of great importance.” Howard^ confirms 
the same view when he says : It is w ell known that as a rule long staple cottons 

have a low ginning percentage, while short stajfle and high ginning percentage are 
frequently combined. It seems too much to hope therefore that a cotton will ever 
be found which combines the longest fibre and the highest ginning percentage.” 
He, however, further adds : — Kottur claims that he has combined length of fibre 


^ Howard, A. drop Prod/ucUon in India. 
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and high. ginning percentage in a ciobb between pure lines of Gossyjnum Tierhaceum 
and Gossyjyium neglectum,'' 

Considering as a whole, the Btateinentsquoted above generally indicate a relation 
between long lint and low ginning percentage and sLort lint and high ginnijig per- 
centage, and also appear to imply the probable existence of an inlerinediate stage, 
subject to certain limitations, where partial success may perhaps result from 
attempts at producing a high ginning and long linted cotton by hybridization 
methods. To determine as far as possible the range of those limitations and to 
ascertain the degree to which these two characters affect one anolhcT, by both 
pure line selection and hybridization methods, is the object of the present note. 

The length of lint and ginning percentage, in the first place, are two 
such characters as are not truly comparable, because they are not exactly of the 
same description. Ginning percentage is a figure which is fairly complex as it is 
the resultant of more than one factor, tnz., the weight of the lint and the weight of 
seed, which may again vary, the former with the length and diameter of the indivi- 
dual fibres and the latter on account of its volume and s})ecific gravity. The dis- 
tribution of fibres on the surface of the seed may be sparse or dense and there 
may also be various intermediate stages. Therefore the length and diameter of 
the fibres being constant, their number in any given area, say j^er square millimeter, 
would considerably affect the weight of the lint. Leake^ luis shown tliat this 
“ density ” is the most potent and influential factor in deteiinining the ginning 
percentage in Indian cottons. Length of the cotton fibj(‘, on tlie other hand, is a 
comparatively simple character and varies considerably with the different botanical 
varieties of the cotton plant. It may be possible to find out the relation of this 
simple character of length with any one or more of the three compommt factors of 
ginning percentage, seed weight, lint weight, and density by going deep into the 
problem; but in the present study the comparison of length ajid ginning percentage 
has only been attempted on material collected from two sources : — 

(а) Examination of many thousand samples collected from the fields of the 

cultivators. 

(б) Examination of the progeny of crosses made betw een short staple plants 

with a high ginning percentage and long staple plants with a low 
ginning percentage. 

On the recommendations of the Indian Cotton { omniittee, the United Provinces 
Department of Agriculture carried out a survey of the types of indigenous cottons 
growing in the different districts of the province. Three districi s w ere only surveyed 
in this way. Almost all the villages in a district which grew cotton to an appre- 
ciable extent were visited and the lints were examined in the fieldvS, and cotton 
from plants possessing a staple longer than the average was collected. All 
such collections were again examined in the laboratory and the best and the 

^ Leake, H. M, Journal of Genetics, Vol, IV, No. 1, June 1914. D 2 
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longest sample only were kept for growing, and for further ascertaining their other 
economic and agricultural characters. In the course of handling and examining 
several thousand samples each year, for about three years while the cotton survey 
lasted, it was found tbit long staple cottons we^re invariably low^ in their ginning 
values. Short, dense, and coarse sainples almost always stood comparatively 
higher in ginning ])ercentage. As the object of the survey was to find out and 
fix a plant with long lint and high ginning percentage, and see if it could suit 
tlie short growing jieriod of thc^ cotton-growing tracts of the province, it appeared 
difficult or rather impossible to acliieve the desired end. 

About 500 selected samples collected from the various villages of the Saharan* 
pur District were sown in 1921 and a crop of about 20,000 plants was raised. The 
examination of this collection in detail appeared to confirm the opinion that the 
long stapled plants were low and the short stapled high in the proportion of lint to 
seed. About 10 per ceiit. of these were selected and selfed on promising vegetative 
features, and the ginning percentage of the series is shown below : — 


Gimiing j>ercentage 

23—24 

25—26 

27—28 

21^~-30 

31—32 

33—44 

»35— 36 

37—38 

39—40 


Total 


No. of cases 
3 

. 6 
20 
30 
44 
55 
47 
27 
14 

245 


1'lu* lints of the high ginning individuals found in the last two cla8?^cs of 37 — 38 
and 39 -10 were all within 18 to 22 mm. in length and none was above 22 nun. 

If arranged in order of length of staple the following position appears 


Length ill mm. 
18 . 

20 . 

22 . 

24 . 

26 . 


No. of caaes 
3 

106 

90 

43 

3 

Total . 245 


Of the 43 plants giving 24 mm. length, only 8 touched the 35 — 36 range, other- 
wise all were 33 — 34 and below . Three plants with 25 mm. were also within the 
same range 35r~36. The following table will more clearly illustrate the point dis- 
cussed above. 




SHOWING DIFFERENCE IN THE LI-NGTH OF FIBRE OF DIFFERENT BOLLS ON THE SAME PLANT. 
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Table I, 


Showing the dispersions of length and ginning percentage in a pure selected series. 



In the whole scricKS many plants with 34 — 35 ginning percentage were found 
which were excellent yielders and j)os8€S8ed nice long and soft fibres. But these 
could not be utilized for any purpose as t lie standard of requirement has been raised 
very high in the Agra Division, the main cotton tract of the province, by Gossy]jiii> 
which gins 39 — 40 per cent,, and in the absence of an organized demand to 
pay for quality, the cultivators and purchasers of seed cotton Icolx to the ginning 
percentage as the desirable feature. Fixing the ginning j/crcentage of G. uji^enm 
as an irreducible minimum, attempt had to be made to improve the quality of 
the staple in length and fineness. But when the length increased the sample was 
found to drop in ginning percentage, and the result of the sele(*tion methods showed 
that the two characters had some mutual repulsive tendencies, and in t he preseiuc 
of the one the other character tended to get reduced. The 10 or 11 jdants witli 23 
and 22 mm. lengths in the 35- 30 and 37- 38 per cent, lots when selfed were found 
to split up in both the length and ginning percentage characters, and their appear- 
ance under these headings should therefore be taken as transitorj’. 

In the hybridization series, on the other hand, the same phenomenon was per- 
ceptibly visible, but the results were not so conclusive and disappointing as in the 
cotton survey series. Work on the hybridization of Indian cottons was feti:rted 
by Leake 20 years ago and the bearing of the investigations conducted by him, 
in respect of the point under consideration here, appears to be a little removed from 
the view held by other workers. In K. 22 (a purified form from a cross between 
Gossypium erboreum and Gossypium roseuni) he succeeded in combining to a remaik- 
able degree the high ginning percentage of roseum with a quality of fibre immensely 
superior to that boine by that strain. JIad weak gerpiination and late maturati<.p 
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not stood in the way, K. 22 would have solved the cotton problem of the United 
Provinces. A series of K. 22 raised in 1923 from a pure culture is reproduced here 
with its length and ginning figures. 

Ginning peroentago No. of oawa 


33—34 












13 

35—36 












27 

37—38 










• • 


52 

39^-40 










• • 

« 

56 

41—42 










• • 


11 

43—44 










Total 

’ — 

2 

161 


In the order of the length of lint the series stands as under : — 


Length in mm. 
1^20 
21—22 
23—24 
25—20 


No. of oases 
31 
98 
30 
2 


TOTiJD 161 


By tabulating as before, this series shows the following order 


Table U 


Showing dispersions in a series of a purified cross raised in its Fjg generation. 


I^ongth in mm. 



Ginniiuj 'percentage 




33-34 

35-36 

37-— 38 

39-40 

41-42 

43~ 44 

Total 

19—20 . 

2 

4 

8 

13 

3 

1 

31 

21—22 , 


15 

34 

33 

8 

1 

98 

23—24 . 


7 

10 

9 

. . 

. . 

30 

25—26 . 


1 


1 

•• 

•• 

2 

Total 


27 

52 

i 

56 

n 

2 

161 


Though the range in length does not much differ from that foimd in the cotton 
survey series, yet the clustering of higher ginning values around the 39 — 40 lev0l 























PLATE XXXI 



I* Fibre Jenglh on second seeds of each of the three locks of a boll. 



FIBRE LENGTH OF REMAINING SEEDS OF THE LOCK, THE SECOND SEED OF WHICH IS SHOWN 

IN FIG. 2 ON PL XXXI. 


PLATt': XXX (II, 



First row. Second seeds of a number of locks of different bolb of the same plant. 
Second row. Second seeds of a number of locks of different bolls of a sister plant. 
Tfiird row. Second seeds of a number of locks of different bolls ( f another sister plant 
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THREI”SAMPLr. OF SLEDS FROM THREE SELFED PLANTS. FIRST AND FIURD ROWS IN EACH CASE 
SHOWING THE BIGGEST AND THE SMMLESF SEEDS PICXED FROM 
THE SAME SAMPLE TO ILLUSTRATE RANGE OF VARIATION; 
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show an appreciable change in favour of improvement. In the cotton survey series 
40 per cent, of the plants examined fell below the level 33 — 34 while in this series 
there was not a single plant which went below 33 per cent. 

With a veiw to study the relation of length and ginning percentage in a different 
manner, a number of series composed of pure lines of many crosses in their various 
generations were isolated and statistically examined and their co-efficients of corre- 
lation worked out. As has already been stated, the ginning percentage is a 
compound character composed of three factors, vt*.,the number of fibres per seed, 
weight of the individual fibre, and weight of the seed. The length of the fibre is 
a relatively simple character, but still considerable variation exists between the 
length of the lint of different bolls of the same plant (Plate XXX). Again within 
the. same boll, very often, slight variations in length of bnt are perceptible be- 
tween different seeds (Plate XXXI, fig. 1 ). Therefore in order to make the samples 
uniform for comparison purposes, the second seed of the upper end of a lock is 
taken, combed and put on a ruled black paper, the central line of which is red, and 
there are five white lines on both sides of the central red line, each five millimeters 
apart. The seed is put on the red line and the combed fibre spread upwards and its 
length is read off in units of twD millimeters and we get a figure which generally 
serves as an index for the plant. It may be useful to illustrate the method of selec- 
tion of the seed for a sample a bttle more closely. A boll was picked at random 
from the produce of a single plant and it had three locks. The second seeds of each 
lock were taken out, combed and put on paper (Plate XXXI, fig. 2). The remaining 
seeds of those three locks were also combed and put on black paper in the same 
way. They are shown in Plates XXXI and XXXII. In order to take a more 
extensive view, the second seeds of a number of locks of different bolls of the 
same plant as well as of other two sister plants w^ere picked at random, combed 
as above, and are shown in Plate XXXIII. In the u])per row of Plate XXXIII 
is a decided difference. The other two rows also show^ the second seeds only 
taken from the different bolls of two sister plants of the same parentage 
as used in other illustrations. The samples of the second seeds, though they deci- 
dedly exhibit slight variations, yet, for practical purposes, are always taken and 
used as a standard for mutual comparison of samples. The seeds also furnish the 
same degree of variety in size. Three samples illustrated in Plate’^XXXIV are 
taken from three selfed plants and the biggest and the smallest seeds have, of course, 
been picked to show the range of variation. The average^^ sample, however^ 
is represented by the size of seeds on the middle line in each case. Variations if 
closely observed are found, as everybody knows, in almost all parts of the plant, 
because no two are ever exactly alike. We are therefore forced to deal with av erages 
in all classes of biological variation. 

After the sample is taken and put on paper the whole produce of the plant is 
ginned with a small gin, and after weighing the seed and the lint separately 
the ginning percentage is calculated. By plotting the figures thus obtained both 
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for length and ginning percentage in a particular series we get the following 
table 

Table HI. 


Shoiving length of fibre, and ginning percentage in the progeny of a croes. 



T ^ ± 0*37-- 0*06 


The plants used in this determination are the result of a cross made long ago 
and it may be interesting to have its full history given. 


Chart No. I. 

Showing the histonf of the rro,ss of which the length and ginning figures are given in 

Table III,' 


Year 

Oossypium arboreum 

y 

Oossypium nsghctum roseum 


1905 

24 min. 25 G. P. 

4. 

18 rnni. 

38 G. P. 

1913 


n- 

Oossypium indicum 


doss, csrntuum 




25 mm. 26 G. P. 

4/ 

15 mrn. 43 G. P. 

1914 


F# 


F, 


1915 


P,o 


F, 


1916 


Fu 


F, 


917 

A plant havinsr 

F,. 

X 

F. 

A plant having 


22 mm. 38 (4. P. 


NP 


22 mm. 30 Q, P. 

1918 



F, 



1919 



F. 



1920 



F, 



1921 



F. 



1922 



F# 



1923 



F 



little 

explanation here 

may 

perhaps be necessary. 

In 1905 a plant 


Oossypium arbor eurn witli 2*1 mm. length and a ginning percentage of 26 was crossed 
witli Gossypium negleetum having 18 mm. length and a ginning percentage 
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31. In its twelfth generation in 1917 a plant from this cross possessing 22 mm. 
length and 38 ginning percentage was again crossed with a plant which itself was 
also the result of a cross of two different types, Gossypiuru indiemn (yellow) having 
25 mm. length and 20 ginning ))ercentage and Goasypimn cerneuum with a length 
of only 15 nun. but ginning at 43 per cent., originally made in 1913. In 1917 in 
its fourth generation this latter cross gave a plant which had 22 inin. length and 30 
ginning percentage. It was this plant which was crossed in 19J7 with ihe above- 
]nentione<l one which was in its twelfth generation. The progeny of this cross was 
carried further when in 1923 in its sixth generation it gave 80 plants which have 
been tabulated above. Other economic aspects of this cross such as habit, ma- 
turation period, and fertility, etc., have no concern with the question undei consi- 
deration. These plants are in their sixth generation and it may be interesting to 
see how the previous generation did as regards the relation of their lengths and 
ginning percentages. Figures collected from the Fj generation were similarly 
dealt with and their co-cHicients of correlation along with F(; showm already are 
given below^ : 


Year F generation No. of plants Co* efficients of 


1920 



• 

• 


• 

F, 

44 

correlation 
rsac db0*72**’04 

1921 

• 

• 

• 

• 

* 

# 

F. 

81 

r=* ±0-49«='05 

1922 

• 

• 

• 

• 

• 

. 

I'» 

223 

r= i:0-2ah_-0a 

1923 

• 

• 

• 

• 

• 

. 

Fe 

80 

rcc i0*37=i-0G 


The greater number of determinations as there are in F^ appear to bring down 
the high correlation figure ± 0’72 to i 0*25, nearer the general average found in 
other cases in different series. 

In the aboveinentioned instance the number of plants was com})osed of the 
offspring of the sister plants raised from a common parent . In order to more closely 
restrict the degree of variation anotlier set of j>lants was taken, examined, and 
calculated. Their history is given below^ : — 


Chart No. 2. 

Shomny the history of a cross the ro-efficiefits of correUit ton for which nere determined. 


Year 

Ooasypiim arboreum 

>' Oasaypium i 

1905 

24 mm. 25 G, P. 

18 mm. 

1910 

A plant 22 mm. 

38 G. P. 

F„ X 

1917 


F, 

1918 


F.1 

1910 


F, 

1920 


F. 

1921 


F, 

1922 


y,. 

1923 


Fr 


.38 G. P. 


Oos^Hypiutn rernetinm 
I.*! lino. 43 P. 
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It would be found here that one of the parents was the same as shown in the 
previous chart, but the other parent instead of being the result of a crop, as in the 
former case, was a pure form of Gossypium cerneuum. The cross was made in 1916 
and in 1921 Fg was raised. The co-efficient of correlation when worked out in Fg was 
found to be very low, or rather nil, as the probable error was higher than in the 
previous case shown in Chart No. 1. 

Year Generation No. ofplanto Value of r 

1921 Fs 31 r« ±0-22«O9 

A number of single plant cultures were then selfed from this collection, of which 
the co-efficient of correlation is given above, and the determination of length and 
ginning percentage for each case was made separately. The length of fibre was 
calculated in a slightly different manner. Three readings A, B and C of the fibres 
of each sample of the second seed of a lock were taken. The first reading A was 
of the central position, and the other two B and C were of each side of the spread- 
ing halo of the fibres. An average of all the three readings was used in the com- 
parison of length in this series. 


A 

B I C 



The co-efficient of correlations of the progeny of different plants of the same 
culture were found as follows : — 


Year No. of plants Value of r 


1922 (a) . 








49 

r= ±0-21 = -05 

»» 

(b) . 








41 

±0-30= 09 

ft 

(6) . 








27 

r= ±0-45= -10 

ft 

(d) . 







« 

34 

r== ±003= -- 

ft 

(e) . 








51 

r= ±012= 09 


In addition to the above, a few more determinations of length and ginning percent- 
age were made on plants raised pure from other series of a different cross. The 
values are given below. 


Year 





No. of 
plants 

Generation 

Value of r 

1917 



. 

• 

70 

Pi* 

r=: ±019= -07 

1918 

> • 

• 

. 

• 

237 

Pi. 

r= ±0-18= -04 

1919 


• 

9 

f 

. 152 

Pu 

±0‘05*“ 
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If we consider the resultant values of r collectively for all the series narrated 
here we find a negative correlation of a very small magnitude, say, about ±0*27. 
Leaving the two exceptional eases in which the values are almost at par, the range 
appears to fluctuate between 018 and ± 0‘72 which mostly could be masked if • 
the minus side of the probable error were also taken into consideration. 

This method of ascertaining the correlation among the two characters standing 
wide apart in their mutual relation and constituents, as already explained, is ad- 
mittedly defective. The ginning percentage is decidedly most influenced by the 
weight of the lint present on the seed. The weight of lint depends chiefly on the 
number of fibres arising from a seed and also to some extent on their length. It 
appears that the density, i.e., number of fibres per given area, is greater in high 
ginning varieties than in the low ginning ones. 

A series of figures indicating this fact has been selected from a number of deter- 
minations made by Dr. Leake and the aiitJior several years ago. 


Oinning helow 30 per ceyii, 

G. P. Volume of Number of fibres 


24*2 









the seed in om. 

r>2‘8 

per soed 

2,4G1 

24*9 


• 




, 



:?9o 

2.143 

26*2 


. 







6()'5 

3,899 

27*6 









64*8 

3,087 

27*7 









. 49*4 

2,956 

27*9 









71*5 

5,813 

28*5 









420 

2,608 

28*8 









50*9 

3,128 

29*1 









44-5 

3,252* 

29-9 









42*3 

3,626 ■ 


30-6 

3M 

32*2 

33-8 

34*6 

35*3 

35-7 

36*9 

36*6 

37*4 


64*2 

4,690 

49*9 

4,212 

61*5 

4,618 

551 

4,157 

43*0 

4,158 

47*7 

. 4,767 

46*6 

4,317 

39*1 

4,333 

61*0 

4,677 

40*6 

4,268 


Oinning between 30 and 40 per cent* 
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Ginning above 40 per eenL 


G P. 

40-7 









Volume of 

1 he seed in eni. 

. 45*5 

No. of fibres 
per teed 

6,144 

41*8 









40*0 

5,268 

42-0 









51*0 

6,158 

42-4 









53*0 

5.286 

42-4 









50*8 

5,818 

42-6 









48*9 

6,305 

42-9 









. 55*8 

6,877 

43*4 









41*8 

6,269 

44*1 

. 








53*1 

7,321 

44*3 

, 








4«*4 

6,995 


It can be seen here that in the three sets of figures the higher the ginning per- 
centage, the greater becomes the number of fibres per seed. A full range from the 
lowest to the highest ginning percentage is given here. It should also be mentioned 
that the samples ginning above 40 per cent, and giving the highest ginning 
values and the greatest number of fibres per seed, were entirely derived from the 
Aligarh AVhite-flowered type which has the shortest staple in all the cottons of 
these provinces, about |th of an inch. Other samples mostly consisted of plants 
possessing long and good staples which were found in the course of experimental 
work on cottons at Cawnpore. Of the pure types possessing longest lengths the 
most remarkable is Gossifpium arboreum, figures for which are pointed out by a 
star in the first part of the statement. 

High ginning cottons, therefore, generally appear to have a closer clustering 
of their fibres on the surface of the seed than the low ginning ones, in which the 
individual fibres grow- comparatively further apart. Different degrees of disper- 
sions of the fibres in a given unit area also appear to be further associated with 
the length of the fibre, whicli is shorter in close and compact growing varieties, than 
in the loose and sparsely arranged ones where the fibre has a longer length. 

The size of the boll and tlie number of seeds j)er boll in the different types of 
cotton put a limit on the amount of space which can be available inside the fruit 
for the lint to grow. Whether a given type having a greater density, higher ginning 
percentage, and short length can be worked up by crossing or any other method 
to produce a longer staple by enlarging the inner cavity of the boll, either by reducing 
the number of seeds per boll, or by increasing the size of the boll, is a question which 
could be answered only by further continuing the work. Some of the physiological 
and meteorological influences operating on the cotton plant during its growth and 
develoj)ment, will also have to lie taken into consideration, because some preliminary 
data collected in this direction clearly appear to indicate considerable de|pre«^ 
of variations resulting from these environnienta) agencies. 
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Summary. 

In tlie course of exporimenial work on Indian cottons at the Botanical Farm, 
Cawn])orc, both selection and hybridization methods were a])i)lied to the various 
types in order to examine tlje inheritance of ginning and sta])le characters. Selec- 
tion method was employed on a fairly extensive scale and covered three districts 
extending to an area of several thousand squiiie miles, and almost every village 
that grew cotton was visited and many thousand sam})les were examined each year. 
Selections from these samples were grown on the farm and the progeny was studied 
chiefly in respect of the ginning percentage and staph' lengt)}. The figures as far as 
they pertain to these two characters are sliovvn in the form of a table in the text. 
In the year for wdiich figures an* given, tliere were certain groups which appeared to 
be an imj)rovement on the general collection, bid ifi later years they tended to 
decline in one respect or the other and the coml>ina(ion of high values for both 
characters thus a])])eaied to be unstable. There ^sas siillicient material in the 
(a)llcction which could be itnproved by crossing, if hybridization methods were 
applied. As regards the ginning pena'idage some im]>rovement over the general 
average of per cent, was also found, but wherever higher values ])oth for ginning 
and lint length were discovered, they ultimately ]>roved to be transitory. 

In the hybridization series wdiere different types possessing characters of lint 
and ginning percentage to a desirable degree w^ere crossed together, and purified 
for these characters, the results were found to be much better in tlie subsequent 
generation. After Fj the range of variation in the combination, selected for higher 
values of length and ginning percentage, gradually a])peared diminishing, and the 
general level of the groups selected for th(‘se characters appeared to remain higher 
from generation to generation than in the other corresponding series. In the selec- 
tion series 40 ])er cent, of the plants examined fell below the level 33 — 34 per cent., 
wdiile in the hybridization series there was not a single plant that w’ent below 33 
])er cent. 

In addition to this general methoil of com})arisoii, the plants were also subjected 
to statistical examination and the co-eflicient of correlation for ginning percentage 
and length of lint was worked out. As already stated, the application of this 
method may be considered unsound in this case because it involves the comparison 
of a simple character with a compound one. 

As far as, howover, the comparison has been made, it appears to point to the 
same conclusion that the correlation is negative and that as the ginning percentage 
increases the length of tlie staple de(*reases. The co-efficient of correlation obtained 
in different determinations averages at ±0-27, and tlie small magnitude indicates 
slightly partial correlation. 

The number of fibres on cotton seed is also a decidedly important factor which 
influences appreciably the ginning values in cutt ons. Determinations of the number 
of fibres per seed were made, covering a range of different types of cotton. Figures 
given above show that the ginning percentage increases as the number of fibres per 
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seed rises. This also appears to be confiriDed by certain cotton varieties found in 
various parts of India to-day. Oossypmm roseum and Oossypium cerneuum pos&e&H 
the shortest lint of all the Indian forms of Oossypium, while they are also charac- 
terized by having the highest known ginning percentages in the cotton world. Gossy- 
pium herbaceum and Gossypium indicum to which the greater portion of the long 
staple cottons of India belong, gin at 32 and 28 per cent, respectively. It is admitted 
that other characters of plant such as the size of boll, size of seeds, number of 
seeds per boll also contribute in influencing the ginning percentage. Studies in this 
direction, preferably by hybridization methods, may be a profitable line of investi- 
gation, as they would throw some light on the ultimate factors which determine the 
inheritance of the representative genes of these two characters at the time of chro- 
mosome division and gametic segregation. 

Briefly tabulated, the points are : — 

(1) By the selection method the length of the staple and ginning percent- 

age do not permanently retain their high values. Home increase in 
one or the other direction is possible ]>ut a definite limit in the com- 
bination of their high values is imposed by pure line selection 
methods of improvement. 

(2) The hybridization method provides better means for effectually retaining 

the combination at the high value of the two characters of length of 
fibre and ginning percentage, and for this reason the crossing method 
appears more hopeful. 

(3) A limit in the combination of two characters of the length of fibre and the 

ginning percentage is decided. (It may be possible to produce a cotton 
ginning 38 per cent, and having lint capable of spinning 22*.) 

(4) The degree of the closeness of cotton hairs on the surface of the seed 

increases with the ginning percentage, the number of fibres ])er unit 
area being greater in high ginning ones and few er in low ginning ones. 



THE RELATION BETWEEN NET ENERGY VALUE AND 

DIGESTIBILITY. 

RY 

h\ J. WARTH, M.8c., 

Plr/siologUnl Chendsl, Imperial Department oj Jgriciiltui c. 

lNTJRODUCTOi<Y. 

At the present time the net energy value of a food is by ar the most important 
criterion of its nutritional value. The subject has already been touched upon in 
a previous article by the writer, but for the purpose of the present paper certain 
particular points require emphasis and on this account an elementary introduction 
and some recapitulation are necessary. 

At the outscit it has to be realiz<‘d that the animal body is a machine wliich never 
ceases to perform wnrk. Even a bullock at rest is constantly doing internal work 
connected with respiration, blood circulation, and so on. The energy required for 
this essential work and for any additional external w^ork is obtained by the oxi- 
dation of combustible substances within the body. The body avails itself of the 
potential chemical energy of organic substances by oxidizing them, exactly as we 
might use the pent up energy in wood fuel by burning it. That such oxidations 
take place in the body is proved by the CO 2 which is excreted in the breath. The 
CO 2 breathed out from the body is a very considerable quantity. It may easily 
amount to 7 lb. a day in the case of a resting bullock. 

A starving or underfed animal loses weight. Its store of fat and flesh is depleted. 
But there is no evidence that fat and flesh are excreted as such by the animal. The 
excretions from the body take place through the breath and urine and the excreted 
substances are oxidation products. This proves that the losses of body fat and flesh 
are due to the oxidation of these substances within the body. In this case the animal 
is oxidizing its own body substance to provide the energy needed for carrying on the 
essential internal work. When food is given and the ration brought up to a certain 
standard, the animal neither gains nor loses weight. Oxidation must still be 
proceeding to provide the necessary energy but the material losses aie now balanced 
by the food assimilated. In other words, the food provides the energy, and it does 
not concern us here whether the effect of the food is direc t or indirect. We learn 
from this that one of the functions of food is to provide energy. It is by no means 
the only function, but incomparably more material is required to mee t the energy 
demand than for any other purpose. Thus it comes about that we have to value 
our foodstuffs primarily according to the energy they provide. 

The gross energy of a foodstuff is simply its fuel value and is measured by de- 
termining the amount of heat it emits when burnt. This figure is of little use, 
however, because only part of the food is digested. Some of the gross energy is lost 
in the fasces. From digestion experiments this loss can be allowed for and a figure 
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is obtained for the amount of energy actually assimilated. All the assimilated energy 
is not utilized either because the oxidations taking place in the body are not (juite 
perfect. Some of the excreted products in the urine and breath are ca])able of more 
complete oxidation. By examining the excreted ])roduets the losses due to this 
cause can be allowed for and we obtain what may be ternmd the utilized energy. 
The tale of the losses is, however, not complete yet. An item with which this paper 
is intended to deal remains to be considered. 

Let UR exani’iie the COg excretion of an animal after it has had a meal. The 
accompanying graph shows diagrammatically the effect of food consumpti on upon 

the excretion of COj from the lungs. We know 
that C()j| excretion is practically equivalent to 
and a measure for bodily energy expenditure. 
The graph shows that consequent upon food 
consumption there is a great increase in energy 
expenditure. This is due ])artly to the mechanical 
work of mastication, etc,, and ])artly to increased 
cellular activity caused by the stimulus of food. 
It has to be noted that the extra expenditure of 
energy associated with food consumption does not 
help tjhe animal to carry on its vital functions at 
all. It is entirely additional expenditiue un- 
avoidably associated witli the act of eating. To get thetrue net energy value of a food 
the waste of ejiergy due to this so-called work of digestion has lobe deducted from 
the utilized energy. The measurement of th(‘ work of digestion has been carriefl 
out for a few foodstuffs in America and Germany. The process is costly, 
laborious, slow and requires elaborate apparatus and the very highest scientific and 
technical skill. From the few determinations which have been made, Arnisbv in 
America has calculated tlie net eneigy value of a considerable number of food- 
stuffs. In making these calculations he employed analogies and utilized his great 
knowledge of foodstuffs. Kellner in Germany has carried out similar calculations 
for European foodstuffs. It remains Jiow to enquire whether these valuable figures 
are applicable to our Indian foods and Indian cattle. 

A long series of careful tests recently cotiqdetcd at Bangalore show that the 
figures do not hold good for .some of our roughages. The situation therefore is this : 
We are not yet in a position to carry out the elaborate net energy determinations 
mentioned above, and it has been proved in the specific case of an Indian foodstuff 
that the American figures do not hold good. In this dilemma the writer undertook 
to examine Armsby s net energy value tables. The results of this examination are 
described below. 

The KELATIONSHIl* HETWKEN DiGESTIHILITY AN]) NET KNER(n' VALUE. 

Let us consider the case of two foodstufl’s, the one yielding 50 lb., the other only 
26 lb . of digestible organic matter per 100 lb. of dry gubstance. The energy derived 
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from the first will be double that derived from the second. On the other hand, 
the mechanical work of digestion will be almost identical. In other respects, too, 
the effect upon the animal will not be dissimilar tliough tlie stimulating effect of 
the more digestible food might possibly be twice as great as that of the less diges- 
tible substance. For these reasons it may be surmised that the losses of energy 
associated with digestion will not be in the prof)ortion of 2 to 1 . The more diges- 
tible food is likely to yield its nutriment with relatively less (‘xjjonditure of effort. 
Its net energy value will therefore be more than double tliat of the less digestible 
food. Considering a series of foodstuffs we should accordingly expect a relatively 
rapid increase of the net energy value with increasing digesiibility. 

To determine the rate of increase of net energy with increasing digestibility, 
data given by Armsby and by Henry and Morrison, respectively, have been united. 
The net energy values have been taken from Armsby. The digestion of organic 
matter has been calculated from Henry and Morrison’s extensive data. Bothsels 
of figures have been reduced to the dry basis. In this way data have been procured 
for the net energy value and the digested organic mal ter ])er 1 00 lb. of dry substance 
for a number of typical American fodders. The results are shown in the accompany- 
ing graph. 



Net knekoy values and digestible organic matter per 100 lb. dry substance. 

The foodstuffs for which abbreviations have been ouiployod above are : — 

D, C. (Dent Com), F. C. (Flint Com), S, C. (Sweet Corn), 

S. (Sorghum), Com Silage, Com Stover, Kafir Stover, 

H. M. (Hungarian MiUet), K. B. G. (Kentucky Blue Grass), 

T. G, (Timothy Grass), B. G. (Brome Grass), O. G. (Orchard Grass), 

R. T. G. (Red Top Grass), P. G. (Prairie Grass). 
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A number of points in this graph are noteworthy. It may be noted in the first 
place that the regularity in these figures has been revealed by reducing all foodstuffs 
to the dry basis. The most important fact which is shown by the table is that, 
with a few notable exceptions, the points representing the foodstuffs lie very near 
a line. In other words, there is a close relationship between digestible organic matter 
and net energy value. It will be noticed, too, that the net energy value increases 
more rapidly than the digestibility. For instance, with 50 lb. of digestible 
organic matter per 100 lb. of dry substance the net energy value is 40 therms. 
If the two quantities increased in the same proportion, 60 lb, of digestible 
organic matter should yield 48 therms. Actually they yield much more (57*5 
therms). 

Some remarks are required regarding the extreme deviations from the line. 
Nos. 1 and 2 are peculiar products. They represent very immature herbage contain- 
ing 90 per cent, moisture. No. 4 is also peculiar in being an exceptionally mature 
grass, consisting of 46 per cent* dry substance when cut. The list contains no other 
grass sample which had been cut at such a dry stage. These exajnples show that with 
advancing maturity the net energy value obtained from a given amount of digestible 
organic matter decreases very considerably. It is an object lesson in fact. No. 5 
includes sorghum hay, corn stover and Kafir stover. These fodders are umioubtedly 
hard to eat and their net energy value is consequently low when cojisidercd in con- 
junction with their digestibility. This important class of foodstuffs cannot l)e in- 
corporated in the graph. It is interesting to notice, liowever, that fresJi green sor- 
ghum takes up a normal position with the green corn fodders. Figures for the le- 
gumes show that they all diverge in a manner similar to the dry sorghum. To avoid 
overburdening the graph the legume figures have been omitted. The next import- 
ant point to note is that practically no difference exists between dried hays and fresh 
grasses. They^all fall near the same line, the net energy values bearing in all cases 
the appropriate proportion to the digested organic matter. To avoid misconcep 
tion, however, it is necessary to state here that this conclusion has no bearing on the 
debated point regarding the relative digestibility of fresli grass and the corre- 
spondiug hay. The graph merely shows that both grasses and hays have net 
energy values which arc related identically to digestibility. 

Finally, a word must be said about the minor deviations. They are not errors 
but represent differences in the work of digestion, which quantity was estimated by 
Armsby. These estimates made by an eminentauthority arc undoubtedly significant, 
if not absolutely exact. There is every reason to suppose that the complex pheno- 
mena grouped together under the term work of digestion are characteristically pe- 
culiar for each foodstuff. The points therefore cannot be expected to fall along 
a regular line. We do see, however, that on the whole they are closer together than 
might have been expected, and that the graph may be employed for making rough 
estimates of the net energy values of foods. 

The actual case which led the writer to this enquiry will make clear the great 
value of this graph. The average of American tests shows rice straw to yield 42 lb. 
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of digestible organic matter and 26*6 therms net energy per 100 lb. of dry substance. 
The average of many closely agreeing results obtained at Bangalore shows that 
100 lb. of our dry rice straw yield 49*9 lb. of digestible organic matter. Clearly its 
net energy value must be greater than 26 therms. What value is to be assigned to 
our straw ? The graph shows that its net energy value is about 40 therms. In this 
particular case it happens that Armsby’s procedure for calculating the net energy 
value is available. Calculated thus the result is 38 therms, which agrees with the 
graph value as well as could be expected. The graph is highly interesting in another 
way. It shows at a glance whether the work of digestion of a foodstuff is abnormally 
high or low. Food substances which involve a high work of digestion lie above the 
line, those which have a low work of digestion associated with them fall below the 
line. Important enquiries are suggested by the anomalies revealed in this graph. 



CONTROL OF THE COCONUT CATERPILLAR {NEPHANTIS 
SERINOPA) BY ITS PARASITES*. 

BY 

RAO SAHIB Y. RAMACHANDRA RAO, M.A., F.E.S., 

Offg. Government Entomologist, Coimbatore. 

Nephantis serinopa, or the “ black-headed caterpillar ” of coconut, is a fairly 
common pest of various palms in South India. It has been found attacking, besides 
the coconut, other palms, such as the palmyra, the talipot, the wild date (or toddy) 
palm and certain imported species of Paltnacese. The caterpillar is cylindrical in 
shape, about an inch in length when full-grown, and is striped with narrow purplish 
longitudinal lines. The head and the })rothoracic shield are dark reddish brown, 
while the mesothoracic segment is dark brown, so that to a superficial observer the 
caterpillar is conspicuously darker anteriorly, whence its popular name of “ the 
black-headed caterpillar.” It usually lives gregariously on the lower surface of 
leaves under cover of galleries of chewed fibre and excreta bound together with strands 
of silk. When mature, the caterpillar constructs a tough cocoon of silk and frass 
in a portion of the galleries and pupates inside. The moths emerge in about 10 
days. Female moths may lay 300 to 400 eggs each either on the leaves themselves 
or, as is much more common, amongst the frass of galleries in groups of 3 to 20 or 
sometimes more. The eggs are about | mm. long, elliptical, somewhat flattened, 
slightly reticulated and yellow with a pearly sheen. They hatch in 4 to 6 days, 
and the young caterpillars begin at once to prepare little galleries in continuation 
of the old ones, so that in a short time the whole leaflet is consumed and turned into 
parchment. In cases of bad attack the whole coconut palm looks as if it had been 
Wmt, 


Thk outbreak at Mangalore. 

This caterpillar came into sudden prominence towards the close of 1921, when 
a petition signed by numerous citizens of Mangalore reporting a very severe outbreak 
of this pest, was received by the Government Entomologist, Coimbatore. Previous 
to this report the pest was unknown on the West Coast north of Cochin. From 
enquiries made it was ascertained that the pest had originated from certain consign- 
ments of coconut seedlings received by rail from Kayankulam in Travancorc, and 
naturally the first attacked palms were those around the railway station and the 

• Paper read at the Indian Science CongreBB, Bombay, January 1926. 
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A badly infested coconut tree and various parasites. 

(The inset is of a Wly attacked garden at Tudiyalur near Coimbatore.) 
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terminus of the branch to the harbour. In 1922 most of the infected trees were 
treated by cutting and burning, with the voluntary co-operation of the great majority 
of the citizens, but there was a certain number of citizens who would not allow their 
palms to be operated, and therefore the Government of Madras had reluctantly to 
bring in the aid of the Pest Act from January 1923. Though generally relief was 
experienced after one round was finished, it was noted that the treated palms almost 
always showed a re-infestation within 4 to 6 months, so that a re-clearing became 
necessary. Moreover, since the provisions of the Act allowed the garden owners to 
clear their trees themselves without the supervision of the Pest Act staff, it was not 
possible to ensure that the infested fronds were properly destroyed by burning. 
The fronds were thus often stolen and transported from place to place either on carts 
or by boats, so that eventually by 1925 the pest was found to have spread to many 
distant places in South Kanara through such agency. The most remarkable instances 
were the discovery of isolated cases of infestation at Gangolly, the port of Coonda- 
poor — 60 miles to the north of Mangalore — and at Kalnad at the mouth of the 
Chandragiri river 30 miles to the south. In both cases the agency of the large 
fishing boats plying on the sea in fair weather is to be huspected. 

Before long, it began to be felt that the measure of cutting and burning the 
infested fronds would never by itself be able to solve tlie problem entirely. For, 
even supposing that the infested fronds were properly disposed of by burning and 
thereby destroying the eggs, larvae and pupa? in the galleries, it is evident that the 
moths that might be at large at the time of cutting would not thereby be affected, 
and these are at liberty t o fly to other ))alm.s or to fronds higher up, lay eggs and 
bring about a fresh infestation. Spraying with stomach poisons like arsenates or 
with repellents like kerosene or crude oil emulsions was found impracticable under 
existing Indian conditions, the palms to be dealt with being generally 30 to 50 feet 
high. 

Natural Enemies. 

In these circumstances, the pest was carefully examined in 1922 and 1923 to see 
if there were any natural enemies present at Mangalore. The* presence of a large 
Chalcid wasp {Sto'tnaioceras sulcatiscuteMum) breeding in the pupic of the moth w^as 
noted, and in addition also the presence in very small numbers of a Carabid grub 
{Calliila splendidula) feeding on the caterpillars. 

It was, therefore, recognized that by an indiscriminate burning of all cut fronds, 
the natural enemies were being destroyed along with the pest itself, and endeavours 
w ere, therefore, made in 1923 and 1924 to prevent this and to save the parasites by 
the provision of large parasite cages, located in the chief centres of infestation at 
Mangalore. These cages were fitted with sides of wire gauze of 10 to 12 mesh and 
were designed to hold large numbers of cut fronds known to contain specimens of 
parasitized pupae ; and when in the course of two weeks, moths and parasites emerged 
from the leaves, the parasite wasps were able to escape through the ware gauze while 
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the moths were retained inside. In the course of these two years, a certain amount 
of amelioration was perceptible, though, however, not to such a degree as to bring 
appreciable relief. 


Parasites in the East Coast Districts. 

Sometime after the outbreak at Mangalore had been brought to the notice of the 
Agricultural Department, a report of a similar infestation was received from the 
Salem Zemindari in August 1922. An examination of specimens of infested leaves 
received, revealed the presence of the white cocoons of a Braconid parasite among 
the galleries. On a personal examination of the garden a month later, it was found 
difficult to collect even a single specimen of the caterpillar, even though most of the 
leaves had been badly damaged. A visit to the same garden the following year 
confirmed our assumption that the pest had been completely checked by its parasites. 
In March-April 1924 a coconut garden which had been severely damaged by this 
pest was observed at Ayodhyapatnam — six miles east of Salem town. During a 
visit paid in June and again in July 1924, the presence of fairly large numbers of 
parasites (the Bethylid and the Braconid), attacking the pest in the larval stage, 
was noted, and this was taken advantage of for sending consignments of infested 
leaflets by rail to Mangalore for introducing these parasites there. When the 
garden was visited next in November 1924, and again in April 1925, not even a 
single specimen of the caterpillar could be seen. Similar cases of complete control 
by parasites were noted at Tirukoilur, Palur and Madurantakam, and these in- 
stances of such natural control suggested the idea of their introduction into 
Mangalore. 


Parasites of Nephantis in the plains of South India. 

Four different species have been noted in most of the places examined, one of 
which attacks the pupal stage of the pest, while the other three attack the larval. 

1. Stomatoceras sulcatiscutellum is a Chalcid wasp of medium size, rather thick 
set, black with a few yellow bars on the legs. It feeds on sugar water in captivity. 
It searches the cocoons among the galleries and after piercing the walls of the cocoon 
and the pupal cuticle with its sharp ovipositor deposits an egg inside the pupa. 
The grub that hatches consumes its contents and turns into a pupa inside the pupal 
shell. The wasp emerges biting its way out cutting a round hole through the pupal 
shell. The parasitized pupa can be distinguished from a normal one by its being 
irresponsive to stimulus and by developing black streaks intersegrnentally. 

This parasite has been found subject to the attacks of a hyper-parasite — a Chalcid 
— of sub-family Eurytomidflc. It has been noted at Coimbatore, Samalkota and 
Salem. 

2. Perisiersla sp. — Fam. Bethylidm. This is a black wasp of small 
size — measuring about 3 to 6 mm. in length. It is rather flattened, has rather 
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short legs, and looks more or less like an ant endowed with wings. It is very 
active and rather pugnacious. Two or more may join together to mob a caterpillar, 
kill it and feed on its juices. The female generally searches for a freshly prepared 
cocoon of a caterpillar, and forces its way in and, after paralysirg it, lays slender, 
elongate eggs, 8 to 14 in number, on its body. The eggs hatch in 24 to 36 hours and 
the grubs feed on the juices of the caterpillar and become full grown in about three 
days. They then prepare rather loosely woven silken cocoons of dirty brown colour 
— which are generally grouped together- — and pupate inside. The adults emerge 
in about eight days. The wasps are fairly strong fliers. 

In certain cases, the Bethylid may also attack and oviposit on fairly large cater- 
pillars found free in the galleries and less frequently even on small caterpillars — in 
which case, however, only one egg or two may bo laid. A single moth has been 
(bservcd to lay as many as 113 eggs in the course of 44 days. The life-cycle is 
fairly short, being about 1 1 to 14 days. It is on the whole a fairly efficient 
parasite, and has been noted in most places on the Coromandel Coast. 

3. The Braconid—ApanteJes sp. (?). This is another efficient laival para- 
site. This wasp is a small one — about the size of the Bethylid, wholly black 
except for the tibiae and tarsi of the legs which are partly yellowish brown. The 
wings are fairly large. The female is armed with a medium-sized ovipc sitor. 
The life-history of this wasp is but partially known. The egg and laival 
stages have not yet been noted, but presumably the egg is oviposited inside the 
bodies of half-grovn caterpillars, the ovipositor being thrust thicuph the galleries 
for the purpose. The grub is presumably an internal feeder and emerges when the 
caterpillar has been entirely consumed and constructs its beautiful elongate oval 
cocoon of white colour in corners of the galleries — the most usual place being along 
the groove of the mid-rib. The wasp emerges by cutting a circular lid at one end. 
The whole life-cycle occupies about 10 days. 

The wasp feeds on sugar solution and honey water in captivity and has been 
kept alive for about 8 days. 

This parasite has been noted along with the Bethylid in most places in the 
plains. 

Tin. hyper- far asite. Both the Bethylid and the Braconid have been found subject 
to the attack of a small dark brown hyper-parasite wasp— a Chalcid — in and around 
Coimbatore. The female oviposits into fresh cocoons of the parasites and its progeny 
emerge biting characteristic round holes in the sides of the cocoon in about 12 or 
13 days. This hyper-parasite has proved a serious hindrance in the process of a 
natural control of the pest through parasite agency in the neighbourhood of 
Coimbatore. It is feared that this insect has already been unwittingly inticduced 
into Mangalore in one of the earlier sendings, since an instance of Bethylid cocoons 
attacked by this wasp has actually been noted at Mangalore. 

There is in addition another hyper-parasite — metallic greenish blue in colour— 
\yhicb has been found recently attacking Bethylid cocoons in North Areot Pistrict, 
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4. Elmmus nephantidis (Fam. Chalcidoidea, Sub-fam, Elasmidce). This is another 
Ohalcid attacking the caterpillar. It is a small wasp about 2 to 3 mm. long, metallic 
blue, with the abdomen reddish brown ventrally. Its body is rather compressed. 
From a lateral view, the profile of its body is somewhat torpedo-like, being rather 
narrow and constricted at the head, broadest at the thorax, and gradually tapering 
posteriorly to end in tlie pointed ovipositor. The wasp feeds freely on sugar or 
honey water. The female apj)ears to searcli for caterpillars in freshly formed co- 
coons, sting them through the walls and to drop inside 10 to 20 (in one case 41) 
small, elongate eggs loosely on the body of the victim. The grubs hatch in 24 hours 
and attach themselves to tbe caterpillars and suck its juices. They become full- 
grown in three days and turn into naked piipaB inside the cocoon of the pest. The 
wasps would appear to emerge in about a week. 

This wasp is found mostly on the palmyra palm and rather rarely on the coconut. 
It has been collected so far from the Districts of Chingleput and North Arcot, and 
also from the Palghat Taluk of Malabar. It also occurs in Travancore. 

PaRASTTR INTRODUCTION INTO MaNCALORE. 

The classic instances of successful control of insect pests in America by parasite 
introduction have mainly depended on the circumstance that the pests concerned 
were exotic species unwittingly introduced into America without their natural 
enemies. The American entomologists recognized this fact and toured round the 
world in search of their parasites -visitijig the countries reputed to be the original 
homes of the pest —and eventually introduced them with results which amply justi- 
fied their work. So far as Mangalore is concerned, Nephantis is an introduced pest, 
since it had never been noted tliere till the ti me of outbreak and three of the parasites 
commonly found on the East Coast were not found there. The conditions, therefore, 
appeared to be analogous to those in America. Arrangements were, therefore, made 
to send consignments of infested leaves witli live cocoons of parasites by rail to 
Mangalore. About 20 parcels were sent during the period of approximately a year 
in 1924-1925. They were placed inside large parasite cages which prevented the 
escape of moths while allowing the parasites to fly out. The first indications of the 
establishment of these ])arasites at Mangalore were noted in January 1925, and 
before long tlie results of their introduction could be seen in the greatly diminished 
numbers of the pest. Trees in Bolar, Jeppoo, and Bunder - which were the worst 
affected parts since 1 922 -have shown remarkable improvement. Trees once severe- 
ly infested present now a healthy appearance and have begun to yield as usual. 
There are, however, certain areas in Mangalore and in the newly infested parts of 
South Kanara, where parasites are not yet present in sufficient abundance. Endea- 
vours are being made to convey the parasites from one place to another within the 
precincts of Mangalore and outside, so as to effect their rapid spread. The outlook 
appears, on the whole, to be distinctly hopeful at present. 
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Team-work among the parasites. One of the reasons why Nephantis is successfully 
controlled in its native areas on the Coromandel Coast appears to be the phenomenon 
of multiple parasitism. The moth appears to be able to lay at least 300-400 eggs 
and is thus fairly prolific. Its powers of multiplication are attested to by its serious 
increase in numbers at Mangalore and elsewhere. Although one of the parasites was 
from the outset existent at Mangalore, v.c., the pupal psimaite— Siam at oceras, it 
proved to be unable to control the j)est by itself. It was only when two other para- 
sites were introduced, viz., the Braconid and the Bethylid, that a diminution in the 
numbers of the })est was noticeable. The secret lies in the fact that these parasites 
attackthepestatdifierent stages of its growth, so that there is not much of clash of 
interest or of comipetition among themselves. The Braconid attacks only young 
caterpillars, while the Bethylid prefers full grown ones, while parasitizes 
only the pupa. Elasmus, on the other hand, attacks only caterpillars aKout to 
])upate. It is by this formidable combine of a circle of enemies that the control of 
Nephantis serwopa appears to be brought about in nature, in spite of its fecundity. 
The huge groves of palmyra palms found throughout the plains of South India would 
appear to be the natural breeding grounds of the pest and act as nature/s reservoir 
from which parasites are drawn by her when an outbreak occurs on coconuts. It 
will perhaps, therefore, depend ultimately on the presence or absence of palmyras 
in the particular area, whether or no the parasites are going to establish themselves 
permanently wlicn newly iiitroduced in any place. 

The account given in this ])aper is only of the nature of preliminary notes of 
investigations and experiments that are yet in progress and the conclusions arrived 
at are, th(*r(*fore, confessedly tentative. 


The I’ARASJTKS OF THE PEST IN CoCHIN. 

Since the above note was written, the writer had ojiportunities of examining a 
severe infestation of this pest in the State of (^>chin ; the outbreak having occurred 
in that continuous belt of (*oconut groves extending along the backwaters from 
(h’anganore southwards into Travancore. A concensus of o])inion among the people 
( onnects the outbreak with the abnormal rainfall and floois of the monsoon of 1924. 
It is ]>robable that the pest was conveyed from tln^ (‘iidemic areas of i he })est in Tra- 
vancore through the agency of boat traffic. By May-June 1925, tlie trees were at 
1 heir worst, most of the fronds looking as if they had been scorched. Prompt mea- 
sures were taken by the Superintendent of Agriculture. Cochin State, in having 
the infested leaves cut and burnt by bringing in the aid of the Pest Act. One 
louud of cutting was finished throughout the area in the course of 3 months. 

At the time of the visit paid by the writer in November, the infested trees were 
found to present a fairly healthy appearance and there did not appear to be much of 
re-infestation. On a close examination of the various attacked areas, it was apparent 
that this happy result was really due to the activities of certain indigenous parasites, 



458 AGRICULTURAL JOURNAL OF INDIA [ XXI, VI. 

and it was found unnecessary to take any special steps for the introduction of para- 
sites from other places. 

The parasite complex in Cochin was, however, somewhat different from that found 
in places on the East Coast, and appeared to be more like that reported by Dr. 
Hutson on the West Coast of Ceylon. 

1. The large pupal parasite — Stomatoceras was present and was similarly attacked 
by the Eurytomid hyper-parasite. 

2. Elasmus was present in great numbers and appeared to be function- 

ing as an efficient parasite, but was hyper-parasitized by the blue Chalcid. 

3. The Bethylid was also noted, but only in small numbers, as it was heavily 
liyper-parasitized by the small dark Chalcid. 

4. Apantcles — ^tlie Braconid of the East Coast — was conspicuous by its absence, 
l)ut there was in its place another Braconid — Microhracon ep. — which laid eggs on 



Eulophid parasite. 

1 , Adult ( X 20) ; 2, Eggs ( X 40 ; 3, Grub ( X 20) ; 4, Pupa ( x 20) ; 5, NephantU 
pupa, section showing the Eulophld pupae inside ( X 6); Empty Nephantis 
pupa parasitized by the Eulophid showing the holes of exit ( X 4). 

the full grown caterpillar after paralysing it. Its grubs pupated in small silkcu 
cocoons inside the galleries, TWs also was hjrper-parasitized. 
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6, A Tachinid fly was also found attacking the pest. The pupariiim of the fly 
was found inside the pupa. It was, however, noted only in small numbers. 

6. The Eulojphid. This is a small Chalcid wasp of yellow brown colour. The 
wings are remarkable in having two short erect tufts of dark brown hairs. This 
wasp oviposits numerous eggs inside pupae, and the grubs that hatch imbibe the 
juices of the pup«e and grow. Ultimately the pupa becomes merely an empty shell 
filled by masses of grubs, which laler on pujiate therein and emerge in about 9 
days. In Cochin this parasite was found to be the most efficient of all and wherever 
it predominated the pest was not at all noticeable. 

Dr. Hutson also mentions about the efficiency of this ])arasite in (Vylon. This 
parasite was also noted at Mangalore in 1925, but only in small nun\bers. 

Attempts have been mad(‘to introduce this ]>arasite in numhers into Mangalore 
and also around (^)imbator(‘ and results are Inang watched. 
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A HYBRID BETWEEN ASIATIC AND AMERICAN COTTON 
PLANTS GOSSYPIUM HERBAGEUM L. AND GOSSYPIUM 

HIRSUTUML* 

BY 

G. S. ZAITZEV. 

[ Translated by A. E. Vossnessenski and Edited by Trevor Trought,] 

[ In The Agricultural Journal of India,” Vol. XX, Part III, a summary of 
the following paper was published. The full translation which is now avail- 
able, thanks to the kind assistance of Mr. A. E. Vossnessenski, doubtless will 
be of interest to all cotton botanists. Every effort has been made to give an 
absolutely literal translation of the Russian text even at the exjiense of clearness 
in English. — B. 0. Burt.] 

The opinion that the cotton plants of the New World cannot be successfully 
crossed with those of the (dd, was established as the result of Tri vor ( lark’s in- 
vestigations (in the seventies of the 19th century), and it has remained uj) to the 
present time as a generally accepted one. The single exception to this general 
attitude is the opinion of Sir George Watt, who, on the ground of the existence 
of some similar characters in these physiologically separated group/^' of cotton plants, 
insists on the possibility of crossing between Asiatic and American })lants. All 
attempts at crossing, however, up to now have invariably proved failures with the 
single exception of the experiments of Prof. Gammie, who worked in India and 
who, in his experiments in 1901-1903, was successful in obtaining a hybrid between 
Gnssypiuni ro^'enm Gammie (Varadi) and Gossypium Mrsutum L. (Dharwar). 

This hybrid, according to Gammie, was an exact copy of the variety Buni 
(Central Provinces), which Watt considers as a special variety of G, Nanking Mcyen 
var. Bani Watt. (As regards G. roseutn Gammie, it is, according to the classifica- 
tion of Watt, 6r. arboreum L. var. rosea Watt.) As we have not- got at hand the 
original report of Gammie, we do not know anything about the subsequent fate 
of the hybrid. The difficulties, which crossing between the above mentioned groups 
presents, are easily accounted for by the fact that these groups are so remote geneti- 


* Keprinted from Trane* Turiceetan Plant Breeding Station, Tashkent* 
{ i 60 ) 
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cally. It is of interest to point out here that the investigation of M-me i. G. 
Nicolaeva, based on our material, disclosed a wide difference in the numbex of 
chromosomes in American and Asiatic species. Thus the somatic cells of G, he'i- 
baceum L., G, Nanking Meyen, G. obtusif olium contained each of them 26 

chromosomes, which number thus we can consider as characteristic for the Asiatic 
group of cotton plants. At the same time the somatic cells of G. harladert^e L., 
G. hirsutum L., 6-. meximnum Tod. and G, punctatum Tod., contained 52 chromo- 
somes. 

Some observations on the morphology of the flowers of cotton plants led to 
the supposition that there are also several mechanical obstacles in the way of suc- 
cessful crossing between Asiatic and American forms. The results of these can be 
summed up shortly as follows : — 

(1) The alien pollen tube (from another species or variety) grows more slowly 

in the tissue of a strange flower than in its own, and the more geneti- 
cally distant the forms are, the more the growth will be retarded. 

(2) Under natural conditions the cotton flower is receptive to pollen during 

one day only, for on the next day, owing to the continued growth of the 
ovary and the stopping of growth of the corolla, the sty)<- is ruptured 
by the corolla sliding down and falls off together with this latter. The 
prevention of the premature rupture of the style by removing the whole 
corolla together with the stamen-tube makes the flower receptive to 
pollination also on the second day. 

The preliminary experiments in crossing between American and Asiatic cotton 
plants, which were carried out with the application of the new method of emascula- 
tion of the flower, consisting in the removal of the corolla (thus preventing the 
premature rupture of the style), although they did not give entirely satisfactory 
results, nevertheless clearly demonstrated the formatit)n of the hybrid embryo, 
thus giving confidence that under definite conditions and with a sufficient range of 
experiments it would be possible to succeed in obtaining proper hybrid normal 
seeds. 

It was in this spirit of confidence that the crossing experiments were carried 
on in the year 1921 at the Turkestan Plant Breeding Station on a much larger scale 
as compared wdth the experiments of 1920. As it was intended to sort out tenta- 
tively the most promising species with regard to the possibility of favourable results 
crossings were made in various directions. The American forms w^ere represented 
by several varieties of G, punctatum, G. hirsutum, G. mexicanum and G. harhadmse, 
in all 19 in number ; the Asiatic forms by the varieties of G, herbaceum, G. Nanking 
and G. obtusifolium , 16 in all. 

In all the crossing experiments which numbered about 300 (from 8/VIII to 
16/VIII), the Asiatic forms w^ere invariably taken for the female parents. On the 
eve of the day of polhnation with the alien pollen, the buds were emasculated and 
isolated under parchment caps. The whole corolla w^as removed and the pistil 
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was completely exposed ; thus of course the possibility of rupturing the style was 
entirely prevented. In order to obtain quite pure pollen, flowers were also pro- 
tected on the evening before the day of the crossing. 

In several cases the repeated application of })o]len was resorted to ; this proce- 
dure was applied in 1 33 cases. This re])eated pollination, however, had no apparent 
(‘fleet, as it did not result in any deviation from the generally observed process of 
development of bolls. 

Moreover, the rejjeated pollination (on the follow^ing day) of the flower of the 
said cotton plant, with the pollen, which was taken, not from American but from 
the female parent plant, also did not ])rodu(*e any changes in the process of the 
fructification. This circumstance leads to the conjecture that either at the time 
of application of the second portion of pollen tubes, the microj)yle was already 
lilled with the first portion, or that all the ovules were already fertilired. The 
second conjecture apj)ears to be more likely, although the qu(\stion may be finally 
solved only by means of detailed cytological investigation. 

In the vast majority of cases during the experiments iii 1921 the development 
of the ovary up to the size of an almost grown up boll was observed ; the further 
process of development was, how^ever, stayed and the bolls j)rematurely opened 
and dried up. All investigations show^ed the forming of the hybrid embryo but 
it was never fully developed, just in the same w^ay as was indicated by the experi- 
ments in 1920. Without entering here into the details, which did not bring cut 
anything new, as compared with the r(‘sults obtained in 1920, it may be pointed 
out that as the result of the crossings carried out in 1921 not a single normally 
developed boll was obtained. However, several bolls, although under-developed, 
contained one (jr more normally developed seeds. These seeds differed from the 
others contained in the same boll, by the normal strength (ripeness) of their fibre 
and by the normal dark colouring of the skin. 

Six such bolls were obtained in all, and the total number of normal seeds con- 
tained in them w^as 14. 

Some of them — S (as it was subsequently found) — represented the result of acci- 
dental self-pollination, and others perished owing to various external causes, with- 
out having developed sufficiently mature plants. In the final result a single plant, 
Fj 51, was preserved, which had been obtained from a single fully developed seed, 
contained in the boll obtained as a result of the crossing No. 277, between $454 
G. herbaceum and (J221 G, hirsutum var. lacinata (var. nova). On the tenth day 
after it was transplanted into the ground it showed a pcrceq^tible reddening of the 
piilviniis of the cotyledons, and this reddening spread downw^ards from the pulvinus 
along the stalk. This exhibition of anthocyan colouring at this spot (w^hicli is 
entirely devoid of colouring in the case of c?454, i.e,, G. herbaceum), quite defini- 
tely indicates the influence of G. hirmtum ($ No. 221). We give here a compara- 
tive description of the hybrid as well as of parent plants of the same age, made 
on 23rd May (14 days after germination). 



dtOSSlKO Olf ASIAl’lC AJMU AlaKlllCAN i;o'r'rt)N 1'LAKTB 


463 


Description, 


Part of the plant 

? 464 0, herlniceum 

F, 61—? 464 X 3 221 

cJ 221 (r. hirMulwti var. 
lacinaki 

Hypoootyl • 

Lower part coloured with 
anthooyan ; short hairs. 

l^ower part cohiured wit!) 
anthooyan, as in the 
case of V 46‘L 

Long rarely 8j)aced hairs. 

Lower j)art brightly colour- 
ed witli antlna^yan ; con- 
vex glands ; no hairs. 

Cotyledons 

1 Smooth ; stalks covered 
with short hairs ; an- 
thocyan colouring 

entirely absent. 

Smooth ; stalks covered 
with very long hairs ; 
slight anthcK van colour- 
ing is displayed along 
the edges. i 

The colouring becomes 
mon* intense iii the 
uppi'f part and in the 
pulvinuH ; vc'ins are also 
coloured. On the w liole, 
however, the colouring 
is slighter than in the 
case of c? *2,2 \ . 

Smooth ; .stalk without 
hairs ; hi igljt anthocyan 
colouring j)articularly 

along the edges. Bright 
anthoeyan colouring in 
the pulvinus, spreading 
on to the veins as well. 

First internode , 

Short dense hairs with 
rare long ones. 

Long rare hairs 

O'labrous with etuivex 
glands (nnieh more so 
than in ease of V 46 i 
and Fj 61 glands). 

First leaf . . , 

Simple : covered with 

comparatively long 

hairs along the edge and 
veins (as well os between 
those, sometimes). 

Sinijile : c occtckI witli 

comparatively long 

hairs on the edge and 
along the veins (on the 
\ipp(u* and lower sides). 

In the pujvinus a spot of 
anthocj^an colouring 

can be seen. 

S im})Jc ; rare long hairs 
aloiig the edge; bright 
anthoeyan sj><*t at the 
pulvinus and on the 
upper ]*art of tlie stalk. 

Second leaf 

Not developed entirely, 
but obviously 3 -parted. 

Not developed entirely, 
but clearly 3-})arted. 

Sin) pie. 


Below we give a full comparative description of the li} brid as well as of the 
parent forms, according to diftVient characters. The first part consists of the 
description recorded on 30th May, when all the plants had already develo])ed three 
true leaves. In order to avoid repetition, the subsequent changes in the items 
described are recorded here ; the second part gives parti(*ulars of the furl her develop- 
nient of the hybrid compared with that of the parent forms, and the third the des- 
ciiption of the particulars of the flowers. 

1. Indumejst. 

$ 464, Two layers. The lower layer of very short, densely spaced hairs covers 
all parts of the plant, with the exception of the cotyledons, wliich are entirely glab- 
rous 
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A second layer of longer and more sparsely distributed hairs is perceptibly ex- 
hibited on the second internode of the stem and above, also on the leaves, especially 
on the lower side and along the petioles. 

(^221, Only long hairs are present sparsely distributed on the internode>S; leaves 
and stalks. The hypocotyl as well as the cotyledons are entirely naked. 

Fi 51. Only long hairs are present sparsely distributed on all parts of the plant 
with the exception of the cotyledons. 

On the whole, with regard to the development of hair cover, it can be .^aid that, 
at this stage of growth, the hybrid occupies, to a certain extent, an intermediate 
position between the parent forms, in such a way that this character is more 
strongly exhibited when compared with 221 and suppressed when compared with 
9 454. 

With further development of the plant the hair cover of the hybrid was con- 
siderably intensified ; the length of the hairs reached 2*55 mm., while cJ221 had 
hairs 1*5 mrn. long and 9 454 2 mm. long. This latter had besides a very dense 
layer of short (leas than 0*5 mm.) hairs. 

Thus the hybrid subsequently, when adult, lost its intermediate position (with 
regard to the development of hair cover). The length of th(‘ hairs as we ll as the 
iensitv of the hair cover was greater in the case of the hybrid than in the case (d 
eitlier of the parent forms. 

Unlike S 454 the hybrid has never exhibited the second layer of shoriei hairs. 

The resinous ghmds. 

With regard to this character no difference w^as observed between liybrid and 
parent plants. 

Also no difference in this respect was ever found subsequently in the adult 
plants. 


The shape of the leaves. 

9 454. The first leaf is not lobed and its width is greater than the h'ugth. The 
second leaf has three lobes and its width is also greater than the length. The third 
leaf has three lobes. 

221. The first leaf is not lobed ; its length is greater than the breadth. The 
second leaf is slightly lobed (2 parts). 

Fi 51. The first leaf is not lobed and, with regard to the ratio of the length lo 
the breadth, it occupies a somewhat intermediate position between the parent 
forms. 

The second and third leaves have three lobes and their length and breadth are 
nearly equal. Thus, with regard to the shape of the leaf, the hybrid clearly occujues 
an intermediate position. ‘ This position, with regard to the comparative size of 
the parts, was maintained during the further development. The leaf factor (accord- 
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iiig to Leake) (as measured on the 15th July) had for tlie fourtJi, fifth and sixth 
leaves iluj following values : $ 454 — 0*90, J 221— ] *42 and Fj 51- ]*()9 (the mean 
value for the parent forms is e(jual to 1‘IG). 

Measurements taken subsequently on the tentli h^af result(*(l in the following 
values of the leaf factor: 9^54 r()8, (^221— 3*51 and Fj 51- 2()() (tln^ mean 

value for the parent forms is equal to 2*32). With further growth, the lobijig of 
ihe leaves was (as usual) more strongly exhibited, but its relative expression was 
on the whole preserved. 

The length of the middle lobe in the case of the hybrid was more intensely ex- 
hibited, as compared with the female parent, but less intensely as compared with 
the male parent. 

With regard to the niimber of lobes, the intermediate ])ositi()n of tlie hybrid 
also was aj)])arent to a certain extent, and this was maintaijied in the growji up 
plants as well. 

If we denote the shape of the leaves (such as simple, 3-, 1-, 5-, or 7-lobed) 
respectively by the symbols O, A, B, C (using two letters to dcujote internu‘diate, 
one-sided forms) and introduce additional indices (dcudata) to denote^ tin' develop- 
mc'ut of teeth along the edges (which is characteristic in case of the more' ditfeuen- 
tiated leaves of var. Jacmafa), then W'e can represemt the com[)arative desc ription 
of sixteen axial leaves by means of the following table 
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It may be seen from this table that lobing of the leaves is more intensely (*x- 
hibited in the case of 9 454 ; the differentiation of leaves also being earlier in this 
case. 

In the case of o 221 the leaves are fewer lobed, the increase of the number of 
lobes begins later and the 7-lobed leaf does not appear at all although the lobes 
(unlike in case of $ 454) often become dentated. As com])ared with both tlmse 
forms (5 454, 221) the hybrid appears to have an intermediate shape of leaf with 

regard to the number of lobes as well as with regard to the development of teeth. 


Stipules. 

$ 454. Stipules are rather large, lanceolated (with short hairs especially on the 
edges). 
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221, Stipules are small, lanceolated with long rarely spaced hairs especially 
along the upper edge. 

51. Stipules are large, lanceolated with rare longish hairs. It should be 
noted on the whole that the stipules of Fj are more like those of the female parent ; 
as regards the development of hair cover, however, the influence of the male 
parent is more apparent, and with further growth of the plant, the hair cover of the 
stipules became more intense, along with the general intensification of the hair cover 
of the whole plant. 


Anihocyan colouring. 

0454 . The anthocyan colouring was exhibited only in the lower part of the 
hypocotyl ; the other parts of the young plant were without colouring. 

221. The anthocyan colouring appears very clearly on the hypocotyl on the 
upper sides of the stalks of cotyledons and leaves, also as a bright spot in the pul- 
vinus. 

Fi 51. The anthocyan colouring is exhibited in the same spots as in case of 
221, but is considerably slighter. 

With regard to the development of anthocyan colouring, the hybrid plant widely 
differs from the maternal form. This difference is preserved in the case of adult 
plants as well, although with age 9 454 also exliibits perceptible anthocyan colour- 
ing on tlie illuminated side of the stem, and sometimes in a very slight degree on 
the upper part of the petioles. 

In the case of the male parent and hybrid the intensification of the anthocyan 
colouring occurs in a much larger degree, and in this respect the hybrid shows a 
predomination of the form G. hirmturn. 

Necfuries {glands Ed.) on the Imves. 

$ 454. There is one nectary on each leaf ; they are without hairs (?) ; their 
shape is round. 

221. Nectaries on the leaves have an elongated shape ; they have no hairs 
inside. 

F^ 51. Nectaries on the leaves have an elongated shape ; they have no hairs 
inside. 

With regard to the shape of the nectaries the hybrid approaches ^ 221 ; with 
further development, the number of the nectaries increases (up to 3), but no essen- 
tial difference in their structure was noted. 

II. Further development of hybrid. 

With regard to the further development of the hybrid it is to be noted that it 
grew much faster than either of the parent forms, and at the time of the beginning 
of flowering considerably exceeded them both as regards height. 
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This exceptional growth was particularly apparent in the autumn, as the hybrid 
reached the height of 2'74 mt., while the height of ? 454 was 1*47 mt. and that of 
^ 221 1*40 mt. 

Development of branches. 

With regard to the development of branches the hybrid presented the picture 
common to all the cotton plants, which was faithfully repeated in the case of both 
parent plants. 

It developed in the lower part several monopodial (vegetative) branches, coming: 
out of the primary buds. In the beginning these branches were accompanied by 
monopodial branches developed from additional (secondary) buds and higher at 
the very top the sympodial branches developed from the additional (secondary) 
buds. 

All branches originated from secondary buds were naturally less developed. 

Size of sympodial branches. 

In the case of both the parent plants the sympodial branches had rather long 
internodes, but in the case of the hybrid these were still longer ; the number of 
internodes (and consequently the number of flowers) was also greater than in the 
case of parent forms. 

Flowering, 

The first sympodial branch was developed at the sixth leaf of the principal stem^ 
which circumstance determined an early period of flowering. 

The hybrid developed flowers simultaneously with the parent forms and the 
general process of flowering was quite in accordance with the rules established for 
the cotton plants by the author elsewhere {see “ Flowering, ’’ ‘‘ Fructification ’’ , 
etc.) The relation of the long succession of flowering to the short succevssion was 
found to be equal to 2*5, so that the hybrid according to its process of flowering 
may be considered as an early ripening form. 

The intensive growth of the hybrid found its expression among others in the 
corresponding intensive development of sympodial branches of which the lowest 
bore 14 flowers. During the whole period of its flowering the hybrid gave a total 
number of flowers exceeding 500. Along with primary flowers, secondary ones 
were developed from additional branches, so’that on the wliole the luxurious growth 
of the hybrid was by no means detrimental to the development of flowers, but on 
the contrary forwarded and helped it. 

III. Particulars of the flower. 

Peduncle, 

$ 454, Densely covered with short hairs ; as well as with rarely spaced longer 
ones. 

ff 2 
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(^22L Only long rarely spaced hairs are present (in the iiuinediate vicin'ty of 
tJie flower the hairs are somewhat more densely spaced). 
t\ 51. Long comparatively densely spaced hairs. 


Bnuis. 

^ 454. The bracts are closely united at their bas(‘ (up to ^ of the height). The 
denticles (teeth) are small and not numerous (8 -10)^. 

^221. The bracts are loose. The denticles (teeth) are large and numerous 

( 12 — 14).2 

51. Most of the flowers have loose bracts ; some flowers have, however, 
united bracts, although in a slighter degree than in the case of the female parent. 
The denticles (teeth) are of medium size, their mimb(u* is the same as in the case 
of ^221.^ 

(yUlf/J-. 

$ 454. The calyx is undulate (5 waves), glabrous on tlie outside, with solitary 
hairs along the edge. 

^221. The calyx is 5-toothed, glabrous on the outside with some hairs on the 
edge, particularly at the tips of the teeth. 

F-^ 51. The calyx is five-toothed, glabrous on the outside. 


N eclaries outside ih e J1 oiver . 

{a) Outer (on the stalk). $ 454 — absent ; (^221 — present in most cases ; they 
are oval-shaped and roundish ; with rare hairs inside ; F^ 51 — absent or some- 
times very slightly developed. 

(6) Inner (under the calyx). $ 454 — large, triangular Avith densely spaced short 
hairs ; <^221 — not perceptible ; F^ 52— round or triangular, smaller than in case 
of $ 454, with longer and somewhat less densely spaced hairs. 

Nectaries inside the flower for wing a ring on the inner side of the base of the calyx. 
$ 454. Without hairs. 

221. With a ring of hairs pressed upwards. 

Fi 51. In the same way as in the case of ^ 221, but the hairs are shorter and 
more rarely spaced. 


* The out-or side and the edge are covered with comparatively short hairs. 

- '.I'he hair ctovors in the same way os in the case of $ 454 ; also along the veins. The hairs how* 
ever arc longer and more rarely spaced. 

* The hairs are more densely spaced than in the case of (J 221. The length is intermediate bet* 
ween those in case uf j)aront forms. 
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Petals. 

$ 454, Most of the flowers have irregular petals of bright yellow colour with a 
dark crimson spot at the inner side of the base ; a smaller spot also appears at the 
outer side, 

^221, The petals are of regular shai)e ; the colour i^ light yellow (cream). 
No spot. 

51. The shape is regular, colouring intermediate ; the majority of the flowers 
are without spots. Only the flowers of the first sympodial branch and of two 
secondary sympodial branches have the petals with a spot, although much slighter 
than in case of $ 454. Thus this character (spot) once being exhibited is retained 
throughout all the flowers of the branch. 

Anthers {and pollen) » 

^454. Yellow. 

^221. Light. 

51. Yellow but lighter than in the case of 9 454. 

Starninal filaments. 

9 454. Red on the lower filaments. 

^221 and 51. Light. 

IV. Particulars op the fruit. 

9 The boll is 4—5 locular, rather broader than long, slightly dehiscent; 
the seed has white fibre and light green (greyish) down. 

221. The boll is 4 5 locular, egg-sha])ed, well dehiscent. The seed has white 

fibre and light green (greyish) down. 

Hybrid. The ovary is 4 — 5 locular. 

As stated above, the process of the flowering of hybrid progressed quite normally ; 
Its very first flowers, however, very soon showed complete sterility. Polli- 
nation, natural as well as artificial, inevitably resulted in the falling ofl* of the young 
ovaries. 

Microscopic investigation disclosed the deformation of the pollen of hybrid. 

Pollen of the usual spherical shape was very seldom observed ; mostly it had 
a distorted semi-spherical shape. It did not swell up and burst subsequently under 
the action of moisture as is usually observed with the normal pollen of a cotton 
plant. The swelling up and bursting was observed only in a few solitary cases. 
Owing to this it w^as decided to try the pollination of the flowers of the hybrid with 
the normal pollen of other forms. Accordingly the pollen of both the parent plant .v 
was tested as well as of many other forms (6?. harbadense^ G. hirsufnvn, G. herbaceunt 
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6r. Nanking f etc.). The results were invariably negative, and fructification did not 
take place. The pollination of the parent and other forms with the pollen of hybrid 
did not lead to any results either. This fact proved that notwithstanding the 
apparent normality of the development of hybrid, one of its physiological functions 
was entirely suppressed. Till the very end of the vegetative period, in spite of 
the large number of flowers the hybrid remained sterile and all the ovaries in- 
variably fell off. In order to continue during the next year the observations on the 
hybrid this latter was preserved alive till the next season, 1923. 



AGRICULTURAL AND MECHANICAL ENGINEERING IN 

INDIA.* 


BY 


D. CL0U8T0N, C.I.E., MA., D.S( 

Agricultural Adviser to the Government of India, 

In a thoughtful article contributed to the “ Asiatic Review ” in July 1925 on 
agricultural and mechanical engineering in India, Sir Alfred Chatterton gave it as 
his opinion that the development of agriculture in India is likely to be of a very res- 
tricted character unless it connotes the application of the resources of mechanical 
engineering to the tilling of the soil, the supply of irrigation water, the harvesting 
of the crops, their transport to factories, and to the machinery for converting them 
into finished, or at any rate easily marketable products. If the people of India are, 
he says, to achieve any marked degree of industrial success in the future thej^ must 
cease to neglect mechanical engineering and must realize that in its application 
to agriculture there lies a field open to immediate exploitation. The initiation 
of measures must, however, rest with the principal landowner, naiitely, the 
Government ; the cultivators, numerous and poor, have no natural leaders 
and by temperament are conservative and suspicious. 

To achieve results commensurate with the interests involved, he advocates 
standardization of plant as being absolutely essential. What Henry Ford has 
shown to the world can be done with such a complex machine as a modern motor 
car required for service under an almost infinite variety of conditions can, he avers, 
be acliievedin India with ploughs, motor pumps, sugar mills, threshing machinery, 
oil presses, and a number of hand tools of almost universal utility : India pays 
dearly for the privilege of being able to select its machinery from the 
numerous competitive types imported from abroad. Notwithstanding the 
decentralization of the control of the Departments of Industries and Agriculture, 
the Government of India are still in a position to standardize the requirements 
of rural India, and if suitable standardized iron ploughs, for example, could 
be substituted for the thirty millions or so inefficient wooden ones at present 
in use, nearly half the draught cattle could, he thinks, be dispensed with, or the 
w^ork of ploughing done in half the time. 

To the development of agricultural engineering even in the more advanced 
countries the services of mechanical science have not been applied to anything 
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like the same extent as to that of the great manufacturing industries of the world. 
Mechanical discoveries in other fields of engineering have, however, tended to fdter 
down to agriculture and to be gradually adapted to its requirements. In these 
dountries farmers have been forced hy economic conditions to resort to the use 
of labour saving machinery ; for manual labour on the farm means dear labour 
and high production costs. The cultivation of the soil has been raised to a 
fine art, and a great variety of highly specialized implements designed for 
the various operations such as ploughing, sowing and harvesting are freely used. 

In India we are now at the transition stage between manual and mechanical 
power on the farm. A beginning has been made in substituting steam and internal 
combustion engines and in introducing implements and machines worked by bullocks. 
The relatively low standard of cultivation attained in India is largely the result of 
the inefficiency of the local plough ; this same plough, inefficient though it is, is used 
for several operations for which special implements have been invented in the West. 
This plough may be roughly described as a piece of wood shod with an iron point 
which corresponds to a share. It is fitted with a wooden ])ole and is drawn by one 
or two pairs of bullocks. It has no mould board and having no cutting parts it does 
not eradicate weeds. The iron ])longhs now^ being introduced are the handiwork of 
engineers wdio have devoted much time and thought to their evolution. The exact 
relationship of their different parts to the work which they have to do has been 
thoroughly studied with the result that W'c have to-day various t}'pes of ])loughs 
wdiich are well nigh perfect. 

Within the last 20 years several attemjits have been made to design types of a 
plough Buita])le for India. For these attempts, several of which have been success- 
ful, we are mainly indebted to one or two well-known English engineering firms, 
but particularly to Itansomes, 8ims and Jefferies, assisted by agricultural experts 
in this country. The ploughs evolved may be described under three heads, namely, 
heavy ploughs, medium ploughs and light ploughs. Heavy types such as the Steel 
Eagle and TurnwTest are suitable for heavy soils such as the black cotton soil found 
over a great part of Peninsular India ; of these there are many thousands now in use, 
more especially in Bombay and the Central Provinces. Being heavy in draught 
they req uire from 2 to 3 pairs of good bullocks. Of the lighter types introduced the 
M. S. N. is the best known. Many of these are now at work in the rice tracts of 
India. Two or three excellent ploughs of medium weight have been designed for 
use in the Gangetic alluvium of Northern India, where they are used both in the cold 
weather and during breaks in the rains. One of the best ploughs yet designed for 
India is the Sabul, the characteristics of which are that the share is provided with an 
adjustable bar point of high grade steel. The bar is held in position by a steel wedge 
knocked in from the front. The Sabul is suitable both for stiff black cotton soil and 
for the lighter soils of the Gangetic plain. 

It may be pointed out that the designs of ploughs invented by enterprising 
English engineer firms are now^ being copied in India, that considerable numbers 
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of somewhat roughly-made but useful imitations of the English article are being 
manufactured and sold in this country. 

The chief handicaps in the way of introducing improved iron ploughs on a large 
scale are that the bullocks which supply the motive power are, over a great part 
of India, somewhat weak and small ; still an ever-increasing demand for such ploughs 
has already been created. The demand is the result of the activities of 
Departments of Agriculture ; for provincial departments have demonstrated their 
use in the villages and have on Government farms stocked for sale and hire the 
types found suitable. From these Government depots 20,227 ploughs and 9,249 
spare parts were supplied last year. The existence of a demand for spare parts 
would appear to indicate that the ploughs are being freely used. 

There are millions of acres of weedy land in India which year after year give poor 
yields because the land is infested with Jeans or other persistent weeds which rob the 
crop of much of its plant food and moisture. Theie are, moreover, hundreds of 
thousands of acres of good land lying fallow because these weeds have entiiely 
overrun the fields. Very large stretches of such land are to be found more 
especially in the Central Provinces, Bundelkhand and in Gwalior. In many cases 
these lands were overgrown with htns after the great famines of 1896-97 and 
1900-01 as a result of the bullock power available being reduced to a very large 
extent, owing to shortage of fodder in these years. This weed can be eradicated 
by means of iron ploughs worked by strong pairs of bullocks or buffaloes ; 
but the number of these a\ ailable is limited. For such tracts there is little doubt 
but that there is an opening for the use of steam ploughs and perhaps motor 
tractors. 

Steam ploughs have been in use in the West for over 70 years. At the present 
time there are about 40 sets of Fowler's steam tackle worked on the cable system 
in India. That many more have not been used is due to the fact that the bigger 
land owuiers who might reasonably be exj)ccted to use them have not yet come 
forward to play their parts as pioneers in the field of agricultural development. In 
the cable system of steam ploughing the engines remain stationary while pulling the 
j)lough or other implement used, and can therefore develop their full draught power 
on the cable. This gives an enormous saving in efficiency as compared with 
a motor tractor which loses much of its power in pulling itself. The chief 
advantages claimed for steam cultivation by the cable system are that 
any depth of ploughing up to 30 inches can be done by this system; that land 
overrun with persistent w^eeds can be reclaimed with ease, and that the work 
is done very quickly. With a K type double engine cable set an area of almost an 
acre can be ploughed to a depth of 11 to 12 inches in an hour. 

During the last five years motor tractors have been tried in different parts of 
India. The general opinion now is that they arc useful for two purposes, namely, 
for (1) light and shallow cultivation on large estates when a considerable area of 
land has to be cultivated in the shortest possible time, and (2) for clearing lands in- 
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tested with persistent weeds. They are being used, too, for stationary work, but 
when employed for such work are less economical than an oil engine. The types of 
tractors tested in India up to date are not sufficiently powerful for ploughing where 
the soil is very heavy and weedy. They are not sufficiently fool-proof either ; 
it is very difficult to keep them in good running order, as first class mechanics are 
not easily obtainable and spare parts are not always available in this country. Still 
the fact remains that with intelligent use the tractor is a farm-power unit of consider- 
able possibihties in tracts where the draught power at present available is 
inadequate, and where, in the absence of any other form of mechanical power, it is 
impossible for the agriculturist to perform his tillage operations under optimum 
conditions. The introduction of iron ploughs on a large scale in India supplement- 
ed by the use of mechanical power in the shape of steam and internal combustion 
engines would enable the cultivator to get his land ploughed more quickly and 
therefore under more favourable conditions. It would enable him, too, to get rid 
of the weeds which at present rob his crops of their rightful dues, and to bring 
under cultivation large areas of good land which has been overrun with Jeans or 
other weeds. 

There is already a large demand in India for iron cane mills and some demand for 
power pumps, winnowers, reaping machines, fodder cutters, threshers, hoes, and 
harrows. There is a growing demand, too, for pig-proof fencing, for both wild and 
domesticated animals do an enormous amount of d.amage every year to crops. 
Of the wild animals the pig is, perhaps, the most destructive and the most 
difficult to control. Being a nocturnal feeder he lies hidden during the day in the 
jungle or grass covered waste land, and comes out at night to feed on the village 
crops. Pig-proof woven fencing is being introduced in some provinces with 
excellent results ; the demand for such fencing is likely to increase very much. 

When the landed aristocracy of India waken up to a sense of their responsibi- 
lities the demand for improved hand and power appliances for the better cultivation 
of the land will be enormous : the annual demand for ploughs alone may run into 
hundreds of thousands. To foster and stimulate the demand the Department of 
Agriculture is doing its utmost. It is demonstrating the working of approved imple- 
ments and machines in the villages. It displays them at agricultural shows and 
ploughing matches. It stocks them for sale and in some cases for hire at depots 
on Government farms. It is organizing their sale through co-operative societies, 
an 1 in some provinces it is giving pecuniary assisiance in the shape of taccavi for their 
purchase. More than this it cannot do at present ; for its staff is small and its 
activities extend over a very wide field of which the introduction of labour-saving 
machinery forms but a small part. 



ERRORS IN FEEDING LIVE STOCK * 

BY 

T.B.WOOD,C.B.E.,M.A.,F.R.S., 

Professor of Agriculture, Cambridge University, 

During the past 25 years, hundreds, if not thousands, of papers have been pub- 
lished, many of them containing facts and observations each of which has adde4l 
a little to the sum of our knowledge of the laws of nutrition of farm animals. It 
would, I suppose, be within the bounds of possibility to give a detailed catalogue of 
these indiviaual pa})er8, setting out the salient points of each. Such a proceeding 
would take a very considerable time, and would be quite useless to the farmer, al- 
though valuable to the investigator. Indeed, every investigator before he starts 
his investigation makes such a catalogue in his special line of work, either on paper 
or in his own mind, in order that he may experiment in the ligiit of other people’s 
results. 

I myself have read many of the papers on nutrition published during the last 
25 years, and what I propose to set out is the general impression of the practical 
value of nutrition research which their perusal has left on my mind. ]t will of neces- 
sity be a personal impression — another writer might stress different points — but I 
hope i t wi 11 be useful to the practical man, as it has been to me, not only i n the conduct 
of my own research work but in the rationing of the animals on my own farm. 

Traditional methods are wrong. 

My first impression, and I do not think this particular point is open to arguments 
is that the great majority of owners of live stock who feed their animals on 
traditional lines, are wrong in the following particulars : — 

(1) They include too much protein in the rations of their fattening animals. 

(2) They include too much protein in the ration of their working animals. 

(3) They do not give enough protein to their young growing animals. 

(4) They do not give enough protein to their milking animals. 

(6) They do not give enough ash constituents of the right kind to their grow- 
ing animals and their milking animals. 

Points 4 and 5 are, however, not within the province of this article. They have been 
dealt with already by Mr. Mackintosh, of Reading, Dr. Orr, of Aberdeen, and Dr. 
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Crowther, of Harper Adams College ; consequently, I do not propose to discuss them 
further. The remainder of this article will be devoted to discussing points 1, 2 and 3* 


Protein for fattening animals. 

The usual method of feeding fattening animals, namely, to give them roots and 
straw or hay, supplemented by a generous ration of oilseed cakes, has been handed 
down traditionally from the time when it was started at the close of the days of the 
great landlords 70 or 80 years ago. It originated from the work of the first chemists 
who turned their attention to agriculture, and concluded, on grounds which have 
subsequently been found to be wrong, that fat could only be produced in the animal 
body from fat or oil and protein. Oilseed cakes, being rich in both these constituents, 
seemed excellent for fattening, their use became general, and the custom has lasted. 

It is about 70 years since Lawes and Gilbert showed that most of the fat formed 
in the body of a fattening animal was formed from carbohydrates, such as starch 
and sugar; but this observation, although accejited by physiologists, is only just 
beginning to find its way into agricultural practice as the result of more recent re- 
search. 

Recent accurate research on this subject dates from Kellner’s measurements of 
the fat-producing pow(U’ of proteins, oils and carbohydrates, which showed that 
proteins were distinctly less effective fat-producers than either of the other recog- 
nized constituents of feeding stuffs. Still more recent work has shown that full- 
grown animals required much smaller amounts of protein than most rations pro- 
vide, and that increased supplies of protein in the case of such animals do not 
raise the rate of live- weight increase. 

The amount of digestible |)rotein required l)y full-grown animals on full fatten- 
ing rations is well known. It is, for a full-grown or approximately full-growm steer, 
not more than lb. of digestible protein per day ; for a fuli-growm sheep not more 
than If lb. of digestible protein per week. These quantities are usually greatly 
exceeded. The excess does no harm to cattle, except, of course, that its provision 
entails wasteful expense. In the case of sheep, an excessive supply of protein is 
apt to cause death through failure of the kidneys. 


Protein for working animals. 

As with fattening stock, so with working animals, the traditional idea is that 
protein is the sourc<^ of muscular energy. This is not true, and there is no need to 
increase the protein in the ration of an animal because it is required to do hard 
work. It is unfortunate, how^ever, that no important additions to our knowledge 
of the protein requirements of the horse h^vebeen made ip recent years. 
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PnoTEIN FOR YOima ANIMALS. 

It is desirable that a young anijual should grow, and consequently that it should 
increase in weight. The food requirements of the growing animal are to a very large 
extent governed by this fact, since they must not only keep the animal alive but must 
])rovide the material of which the increased weight is composed. In recent years 
much work has been done on this subject, the gist of which is that the increase 
in live weight made by a young animal consists mainly of water, but contains consi- 
derable quantities ol ])rotein and ash. Jt is noteworthy that a young, rapidly grow- 
ing animal usually puts on very little fat. 

Protein being the most abundant constituent of the live weight increase of young 
animals (of course excepting water), it follows that a young animal requires a liberal 
supply of protein in its ration. Traditional }>racti( e does not give this, especially 
in the case of cal tie. As a rule, young stock are wintered on ])oor pasture with 
j)erhH])s a little j)oor hay or in yards on j)Oor hay or even straw and a few roots. 
They would do V(‘ry much bettor and so would th(‘ir owner, if they got some of 
the cake which is so often wasted oji fattening cattle and sheep. This fact is begin- 
ning to meet with some measure of recoguitiou, especially in the ])roduction of 
‘‘ bahy ” beef fat lambs and pigs which are ready for the factory at six or seven 
months old. 


('oMPUTINCi RATIONS. 

My next point is that tlie knowledge which has accumulated as the result of tlie 
research work carried out during the last 25 years makes it jjossible to com])ute 
a ration which will produce any desired result witliiu tlie possibility of the animal 
which is to consume it. 

For some time j)ast, advanced milk ])roducers have ado])ted the method of 
basing their rations on the principle of maintenance ration plus an additional al- 
lowance per gallon of milk. In much tlie same way it is possible to conijiute rations 
for young growing animals or for fattening animals on the basis of maintenance 
ration plus an addition for each jiound of live weight increase which it is desired 1o 
jiroduce. 

The essential points of rationing on this system are : — (J) That an anirnars 
appetite is limited — a full-grown steer, for instance, will not eat more tlian about 25 
to ^0 lb. of food per day, weight in the dry state. (2) That a large })art of this food 
is required simply to keep the animal alivo' — this is the maintenance ration — and 
its amount, measured by modem experiments, is given in the books referred to 
above. To this maintenance ration must be added so much real nutritive value 
per lb. of increase expected. 

The more increase one e\pe<*ts, tlie more real nutritive value it is necessary to 
get into the limit of the animal's appetite : which means using highly digestible 
foods such as cakes, corn, meals and roots for the productive part of the ration. 
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For young growing animals requiring much protein, a good proportion of cake is 
desirable. For adult fattening animals, corn, meal, and roots are cheaper and more 
suitable. 


^ Starch equivalent. 

It is usual to measure the real nutritive value of feeding stuffs in terms of their 
starch equivalent as determined by the method of Kellner. The weight of starch 
equivalent required to produce 1 lb. of increase in animals of various classes has been 
found from the results of modern research on the composition of the carcases of animals. 
This method of computing rations is a distinct advance on the methods hitherto in 
use. When it gets absorbed into the general practice of farming it will correct the 
common errors in feeding noted above, and will add materially to economy in animal 
production. 



NOTES. 


MOUNTING RICE SPECIMENS FOR EXHIBITION. 

At present agricultural and industrial exhibitions are becoming more and more 
popular in erery province in India. Even in a small province like Assam four exhibi- 
tions were held in 1925 and three in the current year in different districts. Conse- 
quently, every year the Provincial Agricultural Departments have to send exhibits 
of staple agricultural crops to several places. It is with a view to making portable 
and attractive specimens that the writer has tried to give below his experience in 
mounting rice samples during the last three years. 

Ordinarily dried plant specimens are kept in herbarium sheets or card boards 
afterbeingproperlypressed and dried. They are either glued to the sheet or fastened 
to it with strips of gummed cloth or paper. Such exposed specimens, though serving 
the purpose of a museum, do not suit for display in agricultural exhibitions, where 
the common cultivators go and are naturally inclined to handle them. When it is 
desired to make permanent samples, such as that of rice, wheat, barley, etc., which, 
if kept exposed in the exhibition ground for days, are liable to be damaged, they can 
best be mounted in glass cases in an attractive way. Specimens of grain in ears, when 
mounted carefully, can be carried easily from place to place, as need be, and display- 
ed year after year. 

The method of mounting specimens such as the ears of rice, wheat and barley, 
is simple. They are to be mounted on cotton in a glass case having a moveable back 
which is fastened down tightly on the cotton. The specimen, thus mounted, remains 
imbejdded in the cotton against the glass and can be easily examined through it. 

In preparing wooden frames for glass cases, it is better to use teak wood 
which gives an attractive appearance. The frame may be made of any size that 
suits the specimen, but for the stalks of rice, wheat and barley it may preferably be 
about 21" X 17" X 1" which will make room for the ears of grain very easily. Even 
ordinary picture frames can serve the purpose. The glass plate should be fitted 
inside as is done with picture frames. The back of the frame may preferably be 
made of venesta boards. 

The specimen to be mounted should be placed in the mount upon the glass with 
face down and a layer of cotton batting should be placed on it so as to fill the space 
completely. The back should then be put on and fastened down tightly upon the 
cotton by brass cleats, thus holding the specimen securely in place against the glass 
front. Glass covered mounting cases may be made of cardboards, but for exhibition 
purposes they may preferably be made of wood. 

In mounting specimens whole ears should be arranged on the glass plate 
side by side showing their full length from the point of insertion, and individual 
grains, both husked and unhusked, just below them. Thus two specimens can very 
well be put in side by side for comparison with labels at the corners below. Whenever 
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Two mounted specimens of rice fixed in a wooden frame with a glass front, 
it is required to change a sample, the only thing to do is to unfasten the cleats and 
take out the venesta board and the cotton batting. After the new specimen is put 
in, they may be easily fastened again as before. In order to make the specimens 
more attractive strips of black paper may be placed on the glass on ail sides. When 
two vari eties are mounted together they may be scjiarated by a si nii !ar stri p of paper 
in the middle. In tliis way we have used three and sometimes four different speci- 
mens in the same glass case. 

It is very often found that insects and fungi attack the grains if they re not 
treated properly with chemicals. In our case good results have been obtained 
by treating the specimens with carbon bisulphide or 4 per cent, formalin solution. 
It is always better to spread some naphthalene powder on the cotton batting before 
the back is fastened down. Surgical absorbent cotton wool gives the best 
results as it comes out in thin layers. One layer can economically be used to face 
the specimen up on the glass. On this, several sheets of newspaper may be placed 
to fill up tlie space before the venesta board is fastened. One roll of absorbent cotton 
wool is good enough for three or four cases, [S. K. Mura.] 
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REPORT ON THE INDIAN EGG-LAYING TEST, LUCKNOW, 1925-26. 

The number of birds tested was 57, and included the following breeds : — White 
Leghorns 31, Rhode Island Reds 6, Wyandoties 2, Australorps 8, Light Sussex 4, 
Buff Rocks 4, Black Leghorn 1, Ex. Leghorn 1. 

The number of eggs laid by these 57 birds during the 92 days of the test amounted 
to 3,049 or an average of 63*5 per bird. This is a first class average and exceeds any 
previous record we have had. 

The average number of eggs laid by each breed was as und(u : — 


31 White Leghorns 
6 Rhode Island Reds 
2 Wyandottes 
S Australorps 
4 Light Sussex 
4 Buf! Rooks 
1 Black Leghorn . 

1 £x. Leghorn 


Total 

Average 

number 

per 

laid 

bird 

1,620 

62-26 

373 

62-16 

130 

65-00 

391 

48-875 

253 

63-26 

200 

60*00 

29 

29-00 

63 

5300 


The cost of feeding worked out at Rs. 2-3-10 per bird and of labour at As. 11-9 
per bird, the total cost per head averaging nearly Rs. 3 a bird or R. 1 per month per 
bird. 

The amount realized by sales of eggs came to Rs. 381-2 af the rate of R. 1-8 per 
dozen. Each bird, therefore, realized Rs. (M 1-0 on value of eggs sold or a net profit 
of Rs. 3-11 per head in three months. 

The profit thus realized, together with entry fees, went towards the silver cups 
presented by the United Provinces Poultry Association to the wixiinrs. 

The birds from overseas did not lay as well as in previous competitions, due to 
an unfortunate delay in the voyage from England. The shij) that brought them 
broke down and the time of the voyage was nearly doubled. In spite of this long 
confinement, however, the birds kept well. They were sold after tlie test for prices 
averaging Rs. 30 or 2 guineas j)er bird. 

The method of feeding has been described in former reports ; briefly stated it was 
as follows ; — 

7 a.m. Two oz. per bird of scratching grain, consisting of two parts wheat, 
one part cracked maize, buried in deep litter. 

Midday, Green food ad lib. 

4 p.m. Soft mash consisting of 2 parts bran, 4 parts w^heat ata, 1 part maize 
meal, J part gram meal, J part fish meal ; the last item w\as increased gradually 
up to one whole part during the last month of the test. Epsom salt w as given to 
each bird once weekly in the drinking water ; chopped onions were also added to the 
mash once in a week. Shell grit, charcoal and plentiful water supplies were constant- 
ly before the birds. 
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Egg»s were collected and weighed at 4 p.m. each day. The eggB were scored on 
the principle of reckoning only 2 oz, eggs as scoring one })oint. Eggs under this 
weight were penalifced and 20 per cent or one in every five eggs deducted from the 
total points when totalling the eggs laid. Most of the hens laid large eggs and every 
year sees an increase in the number of oz. eggs laid by the competing birds. 

We a 2 )pend a list of jmze winners and the awards gained, with a photograph of 
the leading pullet. Cai)tain Mayo, her owner, is to be congratulated, for this is the 
second year in succession that he has won the Governor’s cu}). It is j)ropos€d to 
adniit 8 entries per competitor instead of 4 birds only at the next test commencing 
on 1st November, 1920. 


List of Spkciai. I^kizk Win>ikrs at 'jiie Tjosi'. 


Piizos WijiiioiH 


1. Govomor'M Cup for the layer in the tent, pioweiit^ 

od by H. E. the Govomoi of U. P. . . (’aptain iMayo'n White Leghorn j)ullei. 

2. Cup for the best layer from India, prosentmi by the 

Stewards of Lucknow Races .... Captain Mayo’s White Loghoin pullet. 


3. Cup for the best layer from overseas, presented by 

the Stewards of Lucknow Races . . . Mr. Bradbury’s (England) Light Sussex 

pullet. 

4. Cup f(jr the best team of four hens, piesented by the 

United Provinces Poultry Association . . Mrs. Bomfoitl’s Rhode Island Rod jiullets. 


0. Cu]) for the best heavy bird, prosontod by Messrs, 

Pony & Co. ....... Mrs. Bomfoitl’s Rhode Island Rod pullet. 

0 Cup for the l)est light bird, presented by the United 

Provinces Poultry Association . . . Captain Ma}0’8 White J^ghoiu pullet. 

7* Cup for the best bird owned by a member of the 

Indian Poultry Club ..... J.)itto. 


8. Cup for the l)est bird owned by a resilient of the 
United Provinces, j>resented by the United 

Provinces Poultry Association . . . Mia. Peyebers's White Leghorn pullet. 


9. Cu]) for the l)ost bird owned by an Indian resident of 
the United Province, presented by the United 

Provinces Poultry Association . . Raja of Mursan’s Rhode Island Red pullet. 
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Indian teat winner owned by Capt. Mayo. Tbia pullet laying 86 eggs in 92 days has equalled’ td'Miy record put up at any 

of the world’s teats for winter laying. 

PeRFORMAN( ES OF PULLETS ENTEREU FOR THE TEST. 






Total 

Total 


Owner 

IJiffod 


Pen No. 

of 

to 

Awards 





<’gg« 

score 




r 

1 

01 

()0-8 

All got I."! f lasK cerli- 
( ticiile.s and also vioii 

Mry. Boitiford, Sutna 

Rhode Island 

2 

01 

010 


R(h1. 



70 

70 0 

t s])ot ia] ]>Ti/e No. 4 fof 





78 

78(1 

) bo.d (eani. No. 4 al. o 


i 

s. 




M'on juize Nt>. 5. 



f 


39 

.388 


Mr. MoakiiiK, Dohra Dun 

Wliitc Ut:- 

j 

(t 

27 

27(i 



horn. 

.1 

7 

40 

45 4 




i 

8 

0)7 

(i7() 

1st (' 111 . .s ceititicatc. 




11 

43 

39-2 


Mr. Maoken/ie, (Jheuesa- 

Aiistralorp . 

\ 

10 

72 

(i()-4 

Ditto. 

han. 

j 

U 

24 

22’2 




k 

12 

40 

390 


Mrs. Savaillo, Bhadrak 

r Australorp . 

' f 

13 

22 

202 


White Log- 
^ liorn. 

{ 

14 

28 

27-8 



Mr. Heathcote, fcjylhet 

Light Sussex 


15 

It) 

54 

07 

4()’8 
54 0 

Ditto. 
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Performances of pullets entered for the test— 


Owner 

Breed 

Pen No. 

Total 

of 

Total 

to 

score 

Awards 


1 

17 

m 

59 -8 

• Ist class certificate. 

Mr<s. p€»vchors, Dohm Dun 

White Leg 

18 

70 

68*8 

Ditto. Also won special 


hoin. 

19 

61 


* prize No. 8. 


1 



60-8 

Ist class ceitifitato. 


1 

20 

.52 

44-4 



i 

21 

58 

nO'O 

Ditto. 


1 

22 

29 

26-8 

r'” 1', 

(^nptain Mayo, Nahan 

White Log- ^ 

2:1 

59 

58 -0 

Ditto. ' ; 


hoin. 1 

21 

86 

8:93 

Ditto. Also wen K]iocial 


1 




prizes Non. 1,2, 6 & 

7. ... 

Mrs. ThoinaH, Moerut 

White J.og- ( 

2.'> 

3<) 

:L5-8 



horn. ( 

16 

(3) 

59-2 

1st class certificate. 

( 

Rhode Islsnd [ 

27 

40 

:i9-6 


1 

Rod . < 






1 

28 

63 

60-8 

Ditto. Also w'on sptM*ial 

Rajn of Muisan . 





prize No. 9. 

1 

Austialor])s C 

29 

6.2 

59*8 

Ist class lortificate. 

i 

i 

30 

61 

56-0 

Ditto. 

Mrs, McWatorK 

White Log- ( 

31 

6‘2 

r>7-4 

Ditto. 


horn. ( 

32 

38 

27-2 


Mr. Turkman, LiukiKnv . 

White 1 -fog- 

.35 

51 

50*4 

Ditto. 


horn. 






{ 

30 

48 

48-0 


Mr. Ellis, Australia 

White Log- \ 

37 

:i6 

360 



horn. j 

38 

67 

67 ‘0 

Ditto. 


( 

39 

62 

62-0 

Ditto. 

Messrs. Musson & Co., 

Ex. Logliorn 

40 

53 

52-4 

Ditto. 

England. 






Mr. A. tSnowden, England 

White Leg- 

41 

65 

64 0 

Ditto, 


horn. 






( 

42 

37 

36-8 


Mr. Welch, England 

Buff Rocks 3 

43 

61 

61 0 

Ditto. 


) 

44 

50 

49*8 



( 

45 

52 

61-6 

Ditto. 

r 

W. Wyan- f 

46 

65 

59-6 

Ditto. 


dotto. 




i 

Mr. F. Snowden, England < 

W. Leghorn . ■< 

47 

31 

31 0 

1 


Black Leg- 

48 

29 

29-0 



horn. 

1 

t 



Mr. A. Snowden, England 

W. Wyan- 

49 

65 

64'2 

Ditto. 


dotte. 
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PeKFORMANOES of PULLE78 ENTERED FOR THE TEhT— COficld. 


Ovmer 

I^eed 

Pen No. 

Total 

of 

eggs 

Total 

to 

score 

Awards 



j 

.50 

01 

00-2 


Mr. \V. R()gorH, Kiighind . 


White l.og- \ 

r>i 

55 

51-8 

/ All got 1st class oerti' 



horn. j 

52 

55 


( ficates, 




55 

00 

54-8 

; 


f 

Whito Log ( 

.54 

40 

59-2 


i 


horn. ( 

55 

()0 

59-8 

1st class certificate. 

Ml. iinidbury, England ^ 


c 

55 

72 

71 6 

!>itt('. Also won special 



j.<lght iSu8KOX < 




prize No. 3. 

1 

L 

L 

54 

(K) 

58-2 

1st class cerfificKto. 

U. 1>. I>. A. . 

( 

Australorj) 

5B 

07 

070 

Ditto. 

1 

W. J.oghorn. 

57 

58 

57 0 

Ditto. 


THE PREPARATION OF ORGANIC MATTER FOR THE COTTON CROP. 

One of the directions in which the yield of cotton can be markedly increased 
is to supply the soil with fermented organic matter in a finely divid d condition. 
These matters have ali eady been worked out empirically in China and J apan and are 
described in King’s Fanners of Forty Centuries. All that is needed is to apply this 
work to Indian conditions and to make use of all existing raw materials. Almost 
anv^ form of organic matter is suitable for the purpose. All that is needed is to mix 
the material with earth, wood-ashes (wlien available), a little cowdung or still 
bettor urine earth (to start fermentation in the right direction) and water. The 
final result is a finely divided manurial (uirtli rich in nitrogen and organic matter. 
Presli sann-hemp has yielded a very promising product containing 0*97 per cent, of 
nitrogen which is now being apjdied to cotton. Water weed from the local river 
gave similar results, the compost in this case containing about 0*5 per cent, of 
nitrogen. The experiinenfs with cotton stalks are not yet complete. All tne 
weeds and refuse organic matter produced on the Indore Experiment Station 
are now as a matter of routine converted into valuable manure and in due course 
find their way to the cotton fields. There is at present a serious waste of 
manure going on in India due to the fact that raw unfennented materials are 
applied to the soil. This practice is incorrect. The soil cannot prepare food 
materials and grow a crop at the same time. To attempt to make the soil do so 
is to overwork the land. The Chinese discovered the secret of avoiding this 
common mistake. They never overwork their fields and confine the activities of the 
soil to its proper function, namely, that of growing a crop. The preparation of food 
materials for the plant is always done outside the field. The successful introauction 
of this principle into Indian agriculture would lead to a great increase in the produc- 
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tioii of cotton. As results accunnilate on this subject at Indore, they will be pub* 
lisli'nl. [From The Annual Report— for the year ended June SOih 1926- of the 
Institute oj Plant Industry.^ Indore.^^ 


RAIN AS A CAUSE OF SPOTTING OF FOLIAGE. 

Field (observations having led to the conclusion that spotting of the foliage in 
apple trees in the wet season of 1924 was associated with the abnormal rainfall, 
Messrs. C. E. T. Mann and T. Wallace, of the Horticultural Research Station at Long 
Ashton, proceeded to examine the effect upon the foliage of these trees of temporary 
immersion in distilled water. As somewhat similar blotches appeared on these 
leaves, and as analysis showed that the distilled water was leaching considerable 
(]uantities of potash out of the leaves, the experiments were continued and showed 
that a variety susceptible to this spotting in the field, Cox’s Orange, lost no less than 
64 per cent, of the total })otassi um in the leaves after 24 hours’ immersion in the water, 
whilst a variety resistant to spotting in the field in a similar experiment lost only 12 
per cent, in 21 hours. In view of their experimental results with varieties of 
different susceptibility, as record(‘d iji \\\e J ourual of Pomology, Vol. IV, pp. 146-161, 
there seems little doubt that the conclusion drawn from the field observations was 
justified, that rain was responsi])le for the spotting of the leaves noted in this parti- 
cular season. It would also seem that the action of the lain water is associated 
with this little suspected capacity it has for leaching consideiable quantities 
of soluble substances, including potassium compounds, out of the foliage of the 
])laTit. [Nature, No. 2918.] 

THE ORIGIN OF CHROMOSOMAL MUTATIONS IN UVULARIA. 

The following is a summary of Mr. John Bolling’s paper on the subject in the 
Journal of Genetics, XV, No. 6 : — 

(1) U vularia graiidijlora and V , perfoliaia were forced in a greenhouse which 

was cooler at night. During the early months of two successive years 
no extensive aberrations were noticed. In the third year, apparently 
on account of excessive changes of temperature, abnormalities of 
cbromosoine distribution were marked. 

(2) III one bud 76 per cent, of the pollen-mother-cells s' owed one or two 

(and sometimes more) detached chromosomes, or se^ ments of chromo- 
somes. 1Tie other buds examined had only a small percentage of such 
cases. 

(H) In three other buds, ten cases of non-disjunction were observed. This 
non-disjunction was shown, in three oases, to ooour at the first divi- 
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sion in the pollen mother-cell. It affected chromosome I, the largest 
chromosome, in half the cases. In one hud, non-disjunction was cal- 
culated to have occurred in 13 percent, of the pollen-mother-cells from 
which those jjollen-grains whose; chrornos' mes were counted had 
arisen. 

(4) Two undouhted cases of non-cmijunctiojj were seen. It is possihle that 

some of the cases later than the first division, reckoned as non-dis- 
junction, were due to non -conjunction. 

(5) In one bud an extensive doubling of the chromosome number was 

observed. Of those pollen-grains wliose chromosomes were counted, 
the giant pollen-grains formed nearly 12 per cent. This doubling is 
considered to have taken place by the omission of the seeoi d miclear 
and cytoplasmic division. 

(b) There were observed f< ur cases of fracture of a ( lire luoKjme at the con- 
striction, in which tlie two segments had juisscd into different cells. 
In one such case the detached segment was attached to the end of 
the corresponding chromatid, homologous ends lieing a])|:arently 
apposed . 

(7) The phenomena of aberrant c]iromo>oine disuibution observed in these 
Vmhtria jdants were of a nature to lead to iju' ])ossil)le pioduction of 
plants with (dironiosomc grou])s of 2r.4-“* 3n. 3n -- J , 

4n, ‘fn-f-1, In- 1, '1ii-}“2, 2. etc.: l>csides ])lants showing duplica- 

tion of a segment of a chTanm^ome. 


COTTON NOTES. 

Through the courtesy of the British Cotton Industry Kesearch Association, the 
Secretary of the Indian Central Cotton Committee has sent tlie following 
abstracts for publication : — 

Bacterial peterioration of Seed Cotton. 

From an investigation of the bacterial deterioration of seed cotton and ginned 
cotton, stored in bags in the open and in closed cupboards in a closed laboratory, 
the author draws the folh-wing conclusicns. Bacterial and fungoid infection, as a 
source of serious deterio: ation of cotton during damp storage, is 1 o be sought for and 
controlled in the unginned rather than in the ginned cotton. Cotton which hasbeen 
exposed to a very damp storage prior to ginning is much less resistant to bacterial 
or fungoid attack during subsequent noimal storage than is cotton which has been 
stored under dry conditions prior to ginning i nd from the time of picking the crop. 
Ventilation of cotton during stprage in seed represses possible bacterial and fungoid 
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deteriorative processes only in those cases where the damp material is able to dry 
out ” rapidly, otherwise such ventilation may lead to slightly increased deteriora- 
tion of the cotton. Sun drying of the cotton is advocated in addition to ventila- 
tion, particularly prior to storage in seed and prior to baling after ginning. The 
process of damping cotton before or during baling is not recommended. [Tfans. 
Text Inst,, 1925, 16, 185-196. A. C. Burns.] 

Cotton cultivation in S. Africa and S. Rhodesia. 

Owing to field crossing and seed mixing in the gins the South African crop is not 
uniform. Immediate improvement is sought from mass selection of Improved Ban- 
croft and Zululand hybrid pending the results of single plant selection and the organi- 
zation of the whole seed supply. The type required for the middle veld must mature 
early enough to avoid the frosts ; and on the low veld a good medium staple jassid- 
resistant variety is required. Sufficient gins for the South Rhodesia crop are assured. 
For this colony as well as for North Rhodesia and Nyasaland the outlet problem 
for their jiroduce is still unsolved. A bridge across the Zambesi to permit through 
railway traffic to Beira is required ; and improved facilities in this port are also 
required. The Empire Cotton Growing Corporation has decided to take a financial 
interest in the Premier C^otton Estates Company of South Africa, which is developing 
75,000 acres of land alongside the railway from Delagoa Bay to Johannesburg. 
Considerable develojiments are anticipated. [Cotton News WeeMy, 1925, 2, 367.] 

Mixing of raw Cotton. 

In a discussion on the mixing of cottons of different staple lengths, it is brought 
outthat the greatest difficulty is not in the length of the staple so much as in mixing 
cottons grown in different parts of the country. Thus, a Strict Middling Oklahoma 
cotton, wliich is wiry and curly, will not mix with a Strict Middling cotton grown in 
any other State, which is silky and soft. Lumpy work and weak yarn will be pro- 
duced. [Cotton, 1925, 89, 807.] 

Fungus Mycelium. 

Further experiments on the analogy between plant tissue and an amphoteric 
colloid with a definite isoelectric point are described (Cf. A. 1924, 20, 49). The 
tissue to be examined was added to a small quantity of a dilute buffer mixture and 
the changes in reaction were measured at intervals until equilibrium was reached. 
Under the described conditions of experiment the tissues acted as amphoteric col- 
loids with isoelectric points as follows : Botato-tuber tissue, pH 6*4 ; soy-bean root 
tips, Virginia variety, 6*2 to 6*44 ; Gibberella saubinetii mycelium, 6*2 ; Fusariuni 
lycope.rsici mycelium, 5*5 ; and Fusarium oxysporum mycelium, 4*9. [Jour. Aari. 
Res., 1925, 31, 385-399. W, J, Robbins and T. T. Scott.] 
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Wax Content oi Raw Cottons, 

It is shown that wax content fails completely as a means of differentiating cottons 
of different origin hut the properties of the wax from native Indian cottons are 
distinctive and enable these cottons to be distinguished from other varieties. The 
distinction is most marked in the saponification value, the values obtained being 
uniformly higher than any given by other varieties. In addition, the Indian waxes 
are characterized by low melting points, high acid and iodine values, and by a low 
percentage of unsaponifiable material. [Jour. Text. Inst., 1925, 16 , T. 338-344, 
L. V. Lecomber and M. E. Probert.] 


Cotton Production in Queensland. 

Queensland cotton -growing history is briefly reviewed and some details of the 
course of the crop during the seasons since 1921 are given. The range of conditions 
in the cotton belt is extremely wide and thelack of homogeneity in the soils of the 
localities is particularly striking. Cotton growing instruction is difficult, for the 
exact cultural details have to be worked out in each sejiarate area. Farmers are 
therefore encouraged to assist by conducting experiments themselves. The local 
soil and general environmental differences also result in distinct differences in the 
raw cotton produced, even when the same variety is planted. “ Hill ” cotton is thus 
of different character from that grown on adjacent alluvial flats. 

Durango after three or four years is showing signs of new place effects. Slight 
variations are observable in the character of the staple, the habit of growth, earliness 
and other factors. Straight selections have been made and it is hoped to evolve from 
them even better types than the already successful general type. As no one variety 
is expected to meet the requirements of the whole of Queensland, other varieties 
such as Acala, Lone Star and Webber 49 are under trial. 

The Government policy is to encourage the production of the highest quality 
cotton. A staple of at least full in. to in. and if possible averaging l.j^ is sought. 
In the times of low prices for this type of cotton it is hoped always to secure an 
average premium of 300 points. However, the maintenance of high quality cotton 
production is dependent on high quality cultivation, and an all round improvement 
in this respect is required if yield and quality are to be maintained. 

There is little hope for cotton growing on the plantation scale in Queensland, on 
account of labour supply ; and the individual growers are urged to restrict their 
acreage to an area within their capacity to cultivate thoroughly. High yield of good 
(]uality cotton per acre should be the aim. [Empire Cotton Growing Review, 1925, 
2 , 169-183. G. Evans.] 



Personal Notes, Appointments and Transfers, 
Meetings and Conferences, etc* 

Mb. M. S. a. Hydabi, I.C.S., Under Secretary, has been appointed to officiate 
as Deputy Secretary to the Government of India, Department of Education, Healtli 
and Lands, vice Mr. G. S. Bajpai, C.I.E., O.B.E., I.O.S., placed on deputation 
out of India. 

1 


The services of Mr. J. C. McDougall, M.A., B.Sc., Deputy Director of Agricul- 
ture, Southern (lircle, Central Provinces, have been placed at the disposal of the 
Government of India from 1st October, 1926, for employment as Assistant Secretai) 
to the Royal Commission on Agriculture in India. 


The Government of Bombay has created a special post of Agricultural Chemist 
to Government outside the cadre of the Indian Agricultuial service, and ajjpointrd 
Mr. D. L. Sahasrabuddhe, M.Sc., M.Ag., to hold it. 


Dr. 0. 8. Cheema, Horticulturist to Government, Bombay, has been granted leave 
on average pay for one month from 24th November, 1926, with permis.sion to affix the 
Christmas holidays. 

Si 


Mb. R. W. Littlewood, N.D.A., Deputy Director of Agriculture, Live-Stcck, 
Madras, has been granted leave on average pay for 8 months from Ist November, 
1926, and study leave for 7 months in continuation thereof to study up-to-date 
improvements in dairying in England and on the Continent. 


Dubino the absence of Mr. C. Maya Das, on leave on medical certificate for six 
months from 26th April, 1926, the post of Principal, Agricultuial College, Cawnpoie, 
was held by Mr. P. K. Dey up to 27th September, 1926, and for the remaining period 
from that date by Mr, P, B, Richards. 
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Khan Sahib M. Abdul Qayum held charge of the current duties of Professor 
of Agriculture, Agricultural (N>llege, Cawnpore, vice Mr. P. Maya Das on leave. 


Mr. G. C. Sherrard, B.A., Deputy Director of Agriculture, Patna (Circle, Bihar 
and Orissa, was on leave for 17 days from 23rd September to 9th October, 1920. 


Mr. S. Mubarik Ali Shah Gilani, B.Sc., M.R.O.V.S., and LalaPran Nath 
Nanda, M.R.C.V.S., have been a])pointed to special temporary posts in the Civil 
Veterinary Department, Punjab, for a jicriod of two years, and placed under 
training under the {!hief Superintendent of the departnient. 


International Society of Sugarcane Technologists. 

The next Convention of the International Society of Sugarcane Technologists 
will be held in Havana. The meetings will open on 14th March, 1927, and continue 
for about a week, with side trips in and about Havana. Following this, an excursion 
will be made to other parts of (Uiba either in small groups or by the convention in 
a body. 

Among the subjects to be discussed are : Insect pests and diseases of sugar- 
ca?ie ; sugarcane varieties and related problems of seed selection and seedling pi t - 
pagation ; protective quarantine measures ; field practices such as cultivation, 
fertilization, tillage, etc. ; the operation and chemital control of the cane sugar 
factory. 
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Root-development of Field Crops. — By J. E, Weaver. (London : McGraw-HiM 
Publishing Co., Ltd.) Price, 15s. 

Notwithstanding the enormous number of field experiments and variety trials 
which have been carried out in the past in all parts of the world, comparatively little 
is known of the root-systems of agricultural crops. Investigators constantly lose sight 
of the fact that they see only half the plant under experiment and that the most 
important portion, the root-system, is below ground. Similar mistakes occur when 
the approach is made by way of studies of the soil. The greatest attention 
is paid to details relating to chemistry, physics and bacteriology but there 
is often no liaison with the mechanism which brings the plant and the 
soil into gear — the root-system of the plant. The result is a very partial 
presentation often of no great value from the point of view either of science 
or of practice. A change, however, is taking place and during the last 
few years more and more attention has been paid to root-development. In the 
Uni ted States, the University of Nebraskahastakenaleadingpartin this new develop- 
ment and Weaver and his colleagues have issued a number of important papers 
which have recently appeared in the publications of the Carnegie Institution of 
Washington. 

In the present book the results of twelve years’ work havebeen brought together 
in a form particularly suitable for investigators and advanced students. The work 
opens with three introductory chapters on the environment of roots (the soil), their 
structure and the relation of root-habit to crop-production. The presentation of 
these preliminary matters is a model of its kind. All the essentials are rapidly and 
accurately reviewed and an admirable balance is maintained between the various 
factors involved. After dealing with*the root habits of plants (indigenous to the 
United States) and how they indicate crop behaviour — a chapter in which a vast 
amount of recent work is summarized — the author deals in the following ten chapters 
with the roots of cultivated crops- Wheat, rye, barley, maize, sorghum, various 
meadow and pasture grasses, sugar-beet, lucerne, clover, ‘potato and sunflower. 
The book concludes with a section on the methods of studying root-development and 
an excellent bibliography. 

While it is hardly possible to praise this work too highly, nevertheless twm short- 
comings must be mentioned. In the first place, the book deals only with the investi- 
gations in the United States and there is only incidental mention of work in other 
parts of the world. The author refers to this limitation in the preface in the follow- 
ing words : No attempt has been made to include root studies other than those 
made in America, as this would have extended the work far beyond the scope of this 
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volume/' Many investigators will share the reviewer’s regret that this decision was 
made. At the moment, a critical review of all the investigations so far published on 
root-development and their relation to ecology and crop-production is urgently re- 
quired and would do much to advance these sub j ects. No one is more fitted to under- 
take this task than the author of this volume. The second criticism to which this 
book is open concerns the general scope of the investigations. Too much stress 
has been laid on root distribution and insufficient attention has been paid to the 
progress of root activity during the life of the crop. The point of view is rather too 
static, and valuable as is a knowledge of root distribution throughout the life of the 
crop, it is equally necessary to know more about the actual zones where absorption 
is taking place and the extent of this activity. This information has then to be cor- 
related with the above ground development of the plant. In spite of these short- 
comings, wdiich are inevitable in dealing with a new field of work, Professor Weaver 
is to be congratulated on having produced a book which is essential to the investi- 
gator of crop problems. It should also find a place in the hbraries of the Agricultural 
Colleges and Agricultural Schools of India and its general findings should be incor- 
porated in the curriculum. [A. H.] 


Norwegian Agriculture. — By 0. T. Bjanes, Director-General of Agriculture/ 
Norway. (I. W. Oappelens, Forlag, Oslo.) 

Tlus publication, issued l»y the Department of Agriculture, Norw^ay, gives a brief 
but interesting account of agriculture and rural economy in the western portion of the 
Scandinavian peninsula. 

Norway is generally associated w^ith the production of timber and forest products. 
Her agricultural resources, however, are being steadily fostered and developed. It 
is a land of small owner-occupied farms. Renting of agricultural land is very un- 
common. The basis of the agricultural system is the production of live-stock — 
horses, cattle, sheep, pigs and goats — and the development of dairy produce. The 
compact intensively cultivated holdings, combined with large communal grazing 
grounds, are particularly suited for such a type of farming. Climatic conditions of 
the country necessitate all live-stock being housed and fed in-doors for nine months 
of the year. During the remaining three months, they maintain themselves on the 
mountain pastures with which the country abounds. 

The chief cultivated crops are cereals — rye, barley, wheat and oats — and feeding 
crops — hay, green fodders and turnips. Potatoes are also being grown extensively. 
In the more southerly districts, fruit culture is becoming an important and valuable 
addition to farming operations. The sub-division of the land and the necessity of 
working at high pressure, during the short period when cultivation is possible, have 
created a surprisingly large demand for labour-saving implements and machinery. 
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The Norwegian State maintains a very complete organization — on the Danish 
model — to foster and develop the agriculture of the country. Two interesting sub- 
divisions of the State Agricultural Department are the Cultivation Office,” which 
has chiefly to do with the bringing of new land under cultivation and the colonization 
of waste lands, and the Redistribution Office,” which conducts the work of redistri- 
buting lands and forests where the situation of holdings is disadvantageous. 

A chapter of special interest to all connected with the advancement of Indian 
agriculture, deals with t he redistribution of mixed holdings. In Norway, much of the 
laud has been held in common from ancient times and the dwellings of the cultivators 
are grouped together in small hamlets. The chief kind of tenure-in-common of culti- 
vated land is that the various holders have separately marked off allotments. These, 
liowever, are now so mixed and interspersed with each other that a severe handicap 
is imposed on economic production and development. Several legal enact- 
ments to remedy this syteni of tenure have been passed and amended from time 
to time. Under the present law, a re-apportionment of rural properties with their 
appurtenances can be demanded when they are intermixed or in common ownership. 
Redistribution is carried out by special tribunals for each district. Each tribunal 
consists of a chairman, specially trained and appointed for this work by the State, 
and two nominated members. Applications for redistribution are sent to the chair- 
man of the district tribunal who appoints a day for a meeting at the place in question. 
Notices are served on all occupiers of land interested in the area to^ be examined. 
If the demand for redistribution is approved by the tribunal, surveys and maps are 
prepared and a valuation of the area is made. On the basis of this valuation, the 
tribunal drafts a provisional scheme for redistribution. This scheme is submitted 
to the ground-owners and other interested parties for consideration. After such 
alterations as forthcoming objections necessitate, the redistribution is carried out. 
All disputes regarding occupancy of land are decided by the redistribution tribunal 
which has full powers even to the extent of being able to order the removal of houses, 
the closing of old ro ,ds, the construction of new roads, the diversion of water courses, 
etc., which the redistribution scheme may render necessary. The tribunal also 
allocates the cost of the work. If disputes arise, appeal can be made to a higher re- 
distribution court. It is interesting to note that the redistribution laws give power, 
in certain cases, to buy out user’s rights and to arrange for cases of joint ownership. 
At present, there are forty-eight chairmen of redistribution tribunals with eighty- 
nine assistants. The salaries of these officers are borne by the State which also 
supports the work of redistribution by means of grants, etc. The charge to the State 
amounts roughly to half the cost of the annual redistributions. The remaining half 
is borne by the parties concerned in the improvement. 

The chapters on agricultural education in Norway are particularly interesting 
and complete. They indicate the very comprehensive facilities for practical training 
in all branches of agriculture and housewifery which have been provided by the 
State. The importance of subsidiary industries to agriculture, in a country where 
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work in the fields is limited to one quarter of the year, is fully realized. Special 
note may be made of the State Training School for teachers of small-holders in agri- 
culture, dairying, and secondary rural industries. The interest of this publication 
is greatly enhanced by the large number of excellent photographs illustrating the 
text. [W. J. J.] 



NEW BOOKS 

On Agriculture and Allied Subjects 

1. Life of Plants, by Sir Frederick Keeble. (Clarendon Science Series.) Pp. XII -r 

256. (Oxford : Clarendon Press.) Price 5s. net. 

2. Plant Products, by S. Hoare Collins and George Kedington. Pp. xin + 262. 

(London: Bailliare, Tindall and Cox.) Price. lOi?. Gd. net. 

3. Manual of Dairy Science, by A. H. R. Amess and H. C. Johnson. Pp. 208. 

(Aukland, Melbourne and London : Whitcombe and Tombs.) Price 4^. Gd, 
net. 

4. Plant Nutrition and Crop Production, by E. J. Russell. (Cambridge : At the 

University Press.) Price 12.s*. Gd. 

5. Heredity, by A. F. Shull. Pp. 287. (New York and London : McGraw-Hill 

Publishing Co.) Price 15^. 

6. Evolution, by J. Graham Kerr. Pp. xii+278 ; 2 plates. (London : Macmillan 

& Co.) Price 126’. net. 

The following publications have been issued by the Imperial Department of 
Agriculture in India since our last issue :■ — 

Memoirs 

1. Studies on Indian Thysanoptera, by Dr. H. 11. Karny. (Entomological Series 

Vol. IX, No. 6.) Price, R. 1-8 or 25. Gd. 

2. New Species of Indian Gall Midges (Itonidida?), by E. P. Felt ; New Indian 

Geometrida', by Lewis B. Prout, F.E.S. ; Description of Laspeyresia stir- 
jjidQla, n. sp. (Lepidoptera), by E. Meyrick, F.R.S., with a short Note on 
the Life-history and Status, by C. S. Misra, B.A. (Entomological Series 
Vol. IX, Nos*. 7-9.) Price, A&. 6 or Gd. 
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List of Agricultural Publications in India from 
1st February to 31st July 1926. 


No. j 

Title 1 

AutVior j 

Whore published 


GENERAL AGRICULTURE 


1 

1 The Agricultural Journal of India^ 

' Vol. XXI, Parte U, 111 and IV. 
price Re. 1-8 or 2s. per part. 
Annual subecription, Rs. 6 or 
9s. 6d. 

1 Edited by the Agricultural 
Adviser to the Govern- 
ment of India. 

1 Government of India 
CentVal Publication 

Bran(*h, Calcutta. 

2 

Review of Agricultural Opera- 
tions in India, 1924-25. Price 
Rs, 2-2 or 4s. 

Issued by the Agricultural 
Adviser to the Govern- 
ment of India. 

Ditto. 

3 

Proceedings of the Board of Agri- 
culture in India, held at Pusa 
on 7 th Decern 1926, and 

following days (with appendices). 
Price Re. 1-14 or 3s. 3d. 

Ditto . 

Ditto. 

4 

Agricultural Statistics of India, 
1823-24. Vol. I, Price Re. 1 ; 
Vol. 11, Prioe Re. 1. 

Issued by the Department 
of Commercial Intelli- 
gence and Statistics, 
India. 

Ditto. 

5 

Results of Spinning Tests on 

1 Standard In^ii Cottons. 

Issued by Indian Central 
('uttoii Committee Tech- 
nological Laboratory. 

G. Claridge & Co., Ltd., 
Caxton Works, Bom- 
bay. 

6 

Comparative Spinning Tests on 
Machine-ginned and Saw- 
ginned Cotton — Punjab- Ameri- 
can Type 289-F. 

Ditto . 

Ditto. 

7 i 

i 

Some Modem Problems of Scien- 
tific Research for the improve- 
ment of Cotton Growing. 

Issued by the Indian 
Central Cotton Com- 
mittee. 

The Times Press, 

Bombay. 

8 

i 

1 

A Note i>n Uie Growing of Green 
Manure Crops. M^ras De- 
partment of Agriculture Leaflet 
41a (Tamil oidy.) 

N. S. Kiilaudaiswanii Pillai, 
Assistant Director of 
Agriculture, Madras. 

Government Press, 

Madras. 

9 

Note on Ensilage. Madras De- 
partment of Agriculture, Leaflet 
43. (English, Tamil, Telugu, 
Malayalam and Kanarese.) 

R. W. Littlewood, N.D.A., 
Deputy Director of 
Agriculture, Live Stock, 
Madras. 

Ditto. 
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List of Agricultural Publications — contd. 


No. 

Title 

Author 

Where published 


General Agriculture — contd. 


10 

Annual Report of the Department 
of Agriculture in the Bombay 
I^rosidency, 1924-25. Price 

Rs. 2-2. 

Issued by the Department 
of Agriculture, Bombay. 

Government Central 

Press, Bombay. 

11 

The Bhagnari Breed of Cattle in 
Sind and Baluchistan. Bom- 
bay Department of Agriculture 
Bulletin 120. Price As. 0. 

H. 0. Baluch, B.Ag., Offi- 
ciating Live Stock Expert 
to Oovernnvjnt, Bombay. 

Yeravada Prison Press, 
Poona. 

12 

Elephant Grass. Bombay De- 

partment of Agriculture Bulle- 
tin 127 Price Anna 1. 

Harold H. Mann, I). Sc., 
Director of Agriculture, 
Bombay. 

Illtto. 

13 

Cotton Cultivation in Sind. 
Bombay Department of Agri- 
ture Bulletin 128. Price As. 3. 

Kban Bahadur Gul Moha- 
mod Abdur Rehmau, 
Officiating Deputy 

Diret^tor of Agriculture, 
Sind. 

Ditto. 

U 

Use of Wire for preventing lodg- 
ing of Sugarcane in Konkan. 
Bombay Department of Agri- 
culture Lcafl t 1 of 1925. 

Issued by the Department 
of Agriculture, Bombay. 

Ditb). 

15 

Hints to Sann-hemp Growers in 
Panchnialialjf. Bombay De- 
partment of Agriculture Leaflet 

2 of 1925. 

Ditto . . . 1 

Ditto. 

10 

New type of Tobacco Seed, No, 6. 
Bombay Department of Agri- 
culture Leaflet 5 of 1920. 

Ditto . 

Ditto. 

17 

List of Inijilomeuts recommended 
by the Agricultural Depart- 
ment for the Deccan and Kar- 
natak Districts. Bombay 

Doi>art merit of Agriculture 
Leaflet 6 of 1926. 

J)ittn . 

Ditto. 

18 

Annual Report of the Department 
of Agriculture, Bengal, 1924- 
25. Price Rs. 5. 

!.ssued by the Department 
of Agriculture. Bengal. 

Ik-ngal Secretariat Book 
Depot, Calcutta. 

19 

Activities of the Dejiartmoiit of 
Agriculture. Bengal. (English 
and Bengali). 

Rai Sahib D. N. Mitra, 
L.Ag., Distrust Agricul- 
tural Officer, Faridpur, 
Bengal 

Ditto. 

20 

Season and Crop Report of Bengal, 
1925-26. Price Re. 1-8. 

Issued by the Department 
of Agriculture, Bengal. 

Ditto. 
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List of Agricultural Publications — cmitd. 


No. 

Title 

Author 

Where published 


General Agriculture — oontd. 


21 

Season and Crop Report, Bihar 
and Orissa, 1925-26. 

Issued by the Department 
of Agriculture, Bihar and 
Orissa. 

Government Press, Bihar 
and Orissa, Gulzarbagh. 

22 

Present Position of Cotton in the 
unirrigated tracts of United 
Provinces. 

B. Ram Prasad, Assistant 
Economic Botanist to 
Government, United Pro- 
vinces. 

Government Press, United 
Provinces, Allahabad. 

23 

Note on Barley in United Pro- 
vinces. 

Ditto . 

Ditto. 

24 

Report on the Operations of the 
Department of Agriculture, 
Punjab, 1924-26. Part 1 : 

Price Rs. 3-8. 

Issued by the Department 
of Agriculture, Punjab. 

Government Printing, 

Punjab, Lahore. 

25 

Prospectus of the Punjab Agri- 
cultural College, Ly allpur, 1926. 

Ditto . 

Ditto. 

26 

Seasonal Notes, April 1926. 
Price As. 3, 

Ditto . 

Ditto. 

27 

Rates of Food Consuniption by 
Zemindars in the Tallaganj 
Tahsil of the Attock District. 
Punjab Board of Economic En- 
quiry. Rural Section Publica- 
tion 6. Pi ice As. 6. 

C. B. Barry, M.A., I.C.S., 
Settlement Officer, At- 
tock. 

Civil and Military Ga- 
zette Press, Lahore. 

28 

Sixty years of Punjab Food 
Priced, 186M920. Punjab 

Board of Economic Enquiry, 
Rural Section Publication 

7. price As. 10. 

W. H. Myles, M.A., Pro- 
fessor of Economics, 
l^injah University. 

Ditto. 

26 

Ro]>ort on the Agricultural Sta- 
tions in the Southern Circle, 
tloiitral Provinces. 1924-26. 

Price Ro, 1-4. 

0. K. Kelkar, B.A., Deputy 
Director of Agriculture 
in charge. Southern Cir- 
<’le, Central Provinces. 

Govorninenb Press, Cen- 
tral Provinces, Nagim:. 

36 

Kcjport <m the Demonstration 
Work carried out in the South- 
ern Circle, Central Provinces, 
1924-26. Price As. H. 

(1. K. Kelkar, B.A., Deputy 
Director (d Agriculture 
in charge. Southern Cir- 
cle ; and T. K . G li at pan do. 
Extra Assistant Director 
of Agriculture, Central 
Provin<*es, 

Ditl.. 

31 

Report on the Agricultural Sta- 
tions in the Eastern Circle, 
Central Provinces, 1924-26. 
price Rs. 2. 

Rao Bahadur T. L. Powar, | 
B.A., Officiating Deputy 
Director of Agriculture, 
Eastern C.'ircle, Central 
Piovinces. 
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List of Agricultural Publications — conid. 


Where published 


General AgricuUuie — contd. 


Report on the Demonstration 
Work carried out in the Eastern 
Circle, Central Provinces, 
1924-26. Price As. 6. 


Report on the Agricultural Sta- 
tions in the Western Circle, 
Central Provinces, 1924-25. 
Price Re. 1-8. 


Report on the Demonstration 
Work carried out in the West- 
ern Circle, Central Provinces, 
1924-26. Price Re. 1-13. 


Nand Kishore, L.Ag., Extra 
Assistant Director ; and 
Rao Bahadur T. L. 
Powar, B.A., Officiating 
Deputy Director of Agri- 
culture, Eastern Circle, 
Centra^ Provinces. 

S. 0. Mutkekar, B.Ag., 
A1.Sc., Deputy Director 
of Agriculture, Western 
Circle ; and W. Young- 
mau, B.Sc., Economic 
Botanist for Cotton, Cen- 
tral Provinces. 

S. G. Mutkekar, B.Ag., 
M.Sc., Deputy Director 
of Agriculture, Western 
Circle, Central Provinces. 


Government Press, Cen- 
tral Provinces, Nagpur. 


35 Report on the Agricultural Sta- 
tions in the Northern Circle, 
Central Provinces, 1924-25. 
Price Rs. 4-8. 


J. H. Ritchie, AI.A., B.Sc., 
Deputy Director of Agri- 
culture ; and E. A. H. 
Churchill, Assis- 

tant Director of Agri- 
culture, Northern Circle, 
Central Provinces. 


36 Report on the Demonstration Rao Sahib B. L. Du bey 

Work carried out in the North- and Govind Prasad, Ex- 

ern Circle, Central Provinces, tra Assistant Directors 

1924-25. Price Re. 1. of Agriculture, Control 

Provinces. 

37 Report on the Agricultural Col- R. G. Allan, M.A., Prin- 

lege, N^agpur, Chemical, Bota- cipal, A^icultural Col- 

nical, Mycological, Entoraolo- lege ;H.E. Annett, D.Sc., 


nical, Mycological, Entoraolo- lege ;H.E. Annett, D.Sc., 

gical Research, Agricultural Agricultural Chemist ; 

Engineer’s Section and Maha- W. Youngman, B.Sc., 

raj^gh Menagerie, 1924-25. Economic Botanist for 

Ih'ice Re. 1-2, Cotton ; J. F. Dastur, 

ALSo., Mycologist ; J. L. 
Khare, L.Ag., Entomo- 
logical Assistant ; H. 
Copley, Agricultural 
Engineer, Nagpur. 

38 Report on the Experimental Farm R. Q. Allan, M.A., Prin- 
attached to the Agricultural cipal, Agricultural Col- 

CoUego, Nagpur, 1924-25. lege, Nagpur. 

Price Re. 1-12. 
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List of Agricultitral Publications — contd. 


No. 

Title 

Author 

Where published 


General AffricuUwre — oont-L 


39 

Report on the Cattle-breeding 
Operatione in the Central Pro- 
vinces and Berar, 1924-25, 
Price As. 9. 

S. T. D. Wallace, B.Sc., 
Deputy Direct(^r of Ani- 
mal Husbandry, .Central 
Provinces. 

Government Press, Cen- 
tral Provinces, Nagpur. 

40 

Agricultaral Calendar, Burma, 
1926-27. (Burmese.) 

Issued by the Department 
of Agriculture, Burma. 

Government Printing, 

Burma, Rangoon. 

41 

Report of the Principal, Agricul- 
tural College and Re,search 
Institute, Mandalay, 1924-25. 

Ditt<) . 

Ditto. 

42 

j 

Kconomic^ Survey of the Sugar- 
cane Industry in the East Cen- 
tral, Tenasserim and Northern 
Agricultural Circles, Burma. 
Burma Department of Agricul- 
ture Bulletin 23. 

Ditto . 

Ditto. 

43 

Practical Suggestions to Orange 
Growers. 

Issued by the DepartmcTit 
of Agriculture, Assam. 

Assam Secretariat 

Printing f)ffice, Shil- 
long. 

44 

Report of the Agricultural Sta- 
tions at Tarnab and Haripur 
in the North-West Frontier Pro- 
vince, 1924-25. Price As. 7. 

W. Robertson Brown, Agri- 
cultural Oflicor, North- 
Wo.st Frontier Province. 

North West Frontier Pd- 
vince Government 

Printing and Station- 
ery Office, Peshawar. 

45 

Summary «jf Jioniarks on the 
Kharif Crop of the North-West 
Frontier Province for 1925-26. 
Price As. f». 

Issued by the He venue 
Commissioner, North- 

West Frontier Province. 

Ditto. 

46 

A Note on the (yunsolidation of 
K<4ding8 in Mysore. 

A. K. Yegna Naravan Iyer, 
M.A., Dip.Agri.; N.lV.D.. 
F.C.S., Deputy Director 
of Agriculture, Mysore 
State. 

Government P»x8S, 

Bangalore. 

47 

Report on the working of the 
Amrit Mahal Department, My- 
sore, 1 924-25. 

Issued by the Department 

1 of Agriculture, Mysore 
State. 

Ditto. 

48 

Annual Report of the Department 
of Agriculture, Baroda State, 
1923-24. Price Re. 1-7. 

Issued by the Department 
of Agriculture, Baroda 
State. 

Baroda State Press, 
Baroda. 

49 

Annual Report of the Depart- 
ments of Agriculture and Agri- 
cultural Engineering, Gwalior 
Govemmont, 1924-26. 

Issued by the Department 
of Agriculture, Gwalior, 

A. D. Press, Gwalior. 
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List of Agricultural Publications— con/rf. 


No. 

Titie 

Author 

Where published 


Oeneral Agriculture — oontd. 


50 

Report on the Administration of 
the Department of Ajyriculturo 
and Village Ranch avets in the 
Cochin State, 1925-26. 

Issued by the Superinten- 
dent of Agriculture and 
Panchayets, (Cochin 

State. 

Cochin Government 

Press, Ernakulam. 

51 

Journal of the Mysore Agricultural 
and Experimental Union (Quar- 
terly). Annual subscription, 

Rs. 3. 

Mysore Agricultural and 
Experimental Union, 

Bangalore Press, Banga- 
lore. 

52 

Journal of the Madras AgricuUural 
Students^ Union (Monthly). 
Annual subscription, Rs. i ; 
single copy, As. 6. 

Madras Agricultural Stu- 
dents’ Union. 

The Electric Printing 
Works, Coimbatore. 

53 

The Planters^ Chronicle. (Weekly) 

United Planters’ Associa- 
tion of South India, 
Madras. i 

Di(tt> 

54 

Rural India (Monthly). Annual 
subseripti<ni, H.s. .‘1. 

A. Swaniinatha Aiyar, 
Editor. j 

Eorest Panchayct Bank- 
ing Union, Madras. 

55 

Poona Agrkidltiral Colk<je Maga- 
zine (Quarterly). Annual sub- 
scription, Rs.’ 2 ; single copy, 
As. 10. 

College Magazine (’nuirnit- 
tee, PooiiH. 

Arva Bhunan PiesH, 

Poona. 

56 

The Old Boys' Magazine^ Agricul- 
tural College^ Cawnpore (Quar- 
terly). price As. 8 per copy ; 
annual subscription, Rs. 2. 

M. .U Saksena, ij.Ag., 
Editor. 

Cawnpore Printing 

Press. 

51 , 

The Allahabad Farmer (Quar- 
terly), Single copy, As. 8 ; 
annual subscription, Rs. 2, 

W. B. Hayo.s, A. Sinha and 
N. R. Joshi, Editors. 

The Mission Press, AlU- 
habad. 

58 

Nagpur Agricultural College Maga- 
zine (Quarterly). Annual 

subscription, Rs. 3. 

R. A. Kamayya and R, B. 
Ekbote, Editors. 

Udyama Desh Sevak 
Press, Nagpur. 

60 

The Bengal Agricultural Journal 
(Quarterly). (Tn English and 
Bengali.) Annual subscription, 
Re. 1-4 ; single copy, As. 5. 

Issued by the Department 
of Agriculture, Bengal. 

Sreenath Press, Dacca. 

00 

Quarterly Journal of the Indian Tea 
Association, Price As, 6 per 
copy. 

Scientific Department of 
the Indian Tea Associa- 
tion, Calcutta. 

Catholic Orphan Press, 
Calcutta. 



LIST OF AGRICULTURAL PUBLICATIONS 


603 


List of Ac4rtculturai. Publications— mii/f/. 


No. j 

Title 

Author 

Where published 


General Agriculture — conoid. 


61 

Indian Scientific Affriculturial 
(Monthly). Annual subRorip- 

tion, Rs. 4. 

H. C. Sturgess, Editf;f ; 

J. W. McKay, A.R.C.Sc., 
N.D.A., Consulting 

Editor. 

Calcutta Chromotype Co., 
52-53, Bowbazar St., 
Chlcntta. 

62 

Hural Bengal .... 

N. N. Gupta, B.A., Ph.D., 
B.Sc., Editor. 

Sreemat Bhagabat Press, 
Rhowanipore, Calcutta. 


AGRICULTURAL CHEMISTRY 


63 

Determination of available Phoa- 
phorjc! Acid of Calcareoua Soils. 
Memoirs of the Department of 
Agiiculturo in India. Chemical 
Series. Vol. VII 1, No. 6. Price 
As. 12 or Itf. 3d. 

Sureudralal Das, M.Sc., As- 
sistant to the Im))erial 
Agricultural Chemist. 

Government of India Cen- 
tral Ihiblicatiun Branch, 
Calcutta. 

64 

Drainage Waters at (’awn]H»ie. 
Memoirs <•! the Department of 
Acriculturc in India, (,'homical 
Series, Vol. VIII, No. 8. Price 
As. 16 or 1«. 

H. N. Batluvm, M.A., 
F.I.C.8., Agricultural 

Chemist to the Govern- 
ment of Ihiitccl Pro- 
vimes. 

Ditto. 

()'» 

Nutrients riHiuired fo« Milk Pro- 
duction with Indian Food- 
stuffs. Memoirs of the Depart- 
ment of Agriculture in India, 
Chemical Series, Vol. VIII, 
No. 9. Price As, 14 or D. 6rf. 

F. J. Warlh, M.8t\, Phy. 
siological Chemist, Ban- 
galore ; Labh Hingh, 

L.Ag., B.Sc*. (Agri.) ; and 
S. M. Hussain, B.Sc. 

Ditto. 

66 

Silage Experiments at Naginir. 
Memoirs of the Department of 
Agriculture in India, Chemical 
Series, Vol. VIII, No. 10. Price 
As. 10 or U, 

Harold E. Aimett, D.Sc., 
F.I.C., M.S.E.A.C., 

Agricultural Chemist to 
the Government of Cen- 
tral Provinces ; and A. R. 
Padmanabba Aiyer, B.A. 

Ditto. 

67 

Nutrients required for Growth 
Production wdth Indian Food- 
stuffs. Memoirs of the De- 
partment of Agriculture in 
India, Chemical Series, Vol. 
VIII, No. 11. Price As. 3 or 
4d. 

F. J. Warth, M.Sc., Phy- 
siological Chemist, Ban- 
galore; and Izaz Ahmad, 
B.Sc. (Agr.). 

Ditto. 

6S 

Standard Methods of Analysis of 
Fertilkers. Pusa Agricultural 
Research Institute Bulletin 164, 
price As. 4 or 6d, 

J. Sen, M.A., Ph.D., Offi- 
ciating Imperial Agricul- 
tural Chemist. 

Ditto. 


AORICULTURAL JOURNAL OF INDIA 


[XXI. VI. 




List ot Agricultural Publications— coretrf. 


No. 

Title 

Author 

Where published 


Agricultural CHmUtry — ooncld 


60 

The Chemical Composition of the 
Food Grains, Vegetables and 
Fruits of Western India. Bom- 
bay Department of Agriculture 
Bulletin 124. Price As. 3-6. 

D. L. Sahasrabuddhe, 

M.Sc., M.Ag., Agricul- 
tural Chemist to Govern- 
ment, Poona. 

Yeravada Printing Press, 
Poona. 



BOTANY 


70 

Studies in Gujarat Cottons, Part 
III. The Wagad Cotton of Up- 
per Gujarat, Kathiawad and 
Kutoh. Memoirs of the De- 
partment of Agriculture in 
India, Botanical iSeries, VoL 
XIV, No. 2. Price Rc. 1-4 or 
2s. 3d. 

Maganlal L. Patel, M.Ag., 
and D. P. Mankad, Cot- 
ton Breeders, Gujarat. 

Government of India 
Central Publication 

Branch, Calcutta. 


MYCOLOGY 


71 

The Diseases of Para Rubber in 
Burma. Burma Department 
of Agriculture Bulletin 14. 

Issued by the Department 
of Agriculture, Burma. 

Government Printing, 

Burma, Rangoon. 

72 

The Disecwes (>f Rubber in Burma 
(Burmese). Burma Depart- 

ment of Agriculture Cultiva- 
tors’ Leaflet 64. 

Ditto . 

Ditto. 


ENTOMOLOGY 


73 

The Red Pumpkin Beetle {Aula- 
cophora abdominalis, Fb.) and 
its Control ; with a short Note 
on A. atripcnnia^ Fb. Memoirs 
of the Department of Agricul- 
ture in India, Entomological 
Series, Vol. IX, No. 4, Price 
Re. 1 or 1^. 9d. 

M. Afzal Husain, M.Sc., 
M.A., Entomologist to 
the Government of Pun- 
jab ; and S. Abdullah 
Shah, L.Ag. 

Government of India 
Central Publicatton 

Branch, Calcutta. 

74 

Experiments on the Transmission 
of Rinderpest by means of In- 
sects. Memoirs of the De- 
partment of Agriculture in 
India, Entomological 8erios, 
Vol. IX, No. 5. Price Rs. 2-4 
or 4^. 2d. 

S. K. Sen, F.E.S., 

Assistant to the Imperial 
Entomologist. 

Ditto. 

75 

Bot Flies of the Punjab. Pusa 
Agricultural Research Institute 
Bulletin 160. Price As. 14 or 
la 6d. 

H. E. Cross, M.R.C.V.S., 
D.V.H., A.Sc„ Camel 
Specialist, Punjab. 

Ditto. 






LIST OF AGRICULTURAL PUBLICAIIOKS 


506 


List of Agricultural Publications- - 


No. 

Title 

Author 

Whore published 


Entomolody — oonoM. 


76 

Tentative Keys t ' the Orders and 
Families of Indian Insects. 
Pusa Asrricultural Researclj In- 
stitute Bulletin* 162. Price 
Ro. 1-4 or 2tf, ‘^d. 

T. Bainbrigge Fletcher, 
R.N., F L.S., F.E.S.. 

F.Z.S., Imperial Ento- 
mologist. 

Government of India 
('entral Publication 

Branch, Calcutta. 

77 

Cataloj 7 ue of Indian Insects. Part 
10— StephanidsB. Price As. 5 
or 6d. 

G. R. Dntt, B.A., Personal 
Assistant to the Imperial 
Entomologist. 

Ditto. 

78 

Tela, (Aphis) on Orange. Punjab 
Department of Agriculture 
I.K)a6et 9. 

Issued by the Department 
■ 'f Agriculture, Punjab. 

Government Printing, 

Punjab, Lab ore. 

79 

The Katra or Hairy Caterpillar of 
Gujarat. Bombay Department 
of Agriculture Leaflet 4 of 1926. 

Issued by the Department 
of Agriculture, Bombay. 

1 Yeravada I rison Press, 
Poona. 


VETERINARY 


80 

Annual Report of the Imperial 
Institute of Veterinary Re- 
search, Muktosar, 1924-26. 

Price Re. 1-14 or 3iS. 3d. 

J. T. Edwards, H.Sc., 
M.R.f‘.V.8. , 1 irector. 

Government of India 
(.’entral Publication 

Branch, Calcutta. 

81 

Foot and Mouth Disease. 

Madras Veterinary Depart- 
ment Leaflet VI 11 (English, 
Tamil, Telugu, Malay alam, 
Kanarese and Oriya). 

D. A. D. Aitchison, 

M.R.C.V.S., Veterinary 
Advisor to the Govern- 
ment of Madras. 

Government Press, Mad- 
ras. 

82 

Annual Report on the Punjab 
Veterinary' College, Civil Vete- 
rinary Department, Punjab, 
and the Government Cattle 
Farm. Ifissar, 1924-25. Price 
Rs. 2-12. 

Issued by the Agricultural 
Department, Punjab. 

Government Printing, 

Punjab, Lahore. 

88 

Annua] Report of the Camel Spe- 
cialist, Sohawa, for the year 
1924-26, Price As. 8. 

Ditto . 

DitU). 

84 

Prospectus of the Punjab Veteri- 
nary College, Lahore, 1926. 

Ditto . 

Ditto. 

85 

Foot and Mouth Disease, Control 
by Chemotherapy. Punjab 

Veterinary Bulletin 17. 

Col. G. K. Walker, C.B.E.. 
C.I.E., F.R.C.V.S., and 
W. Taylor, M.R.C.V.S., 
Punjab Veterinary Col- 
lege. 

Ditto. 


606 


AGBICULTURAL JOtJRNAL OP INDIA 


[ XXI, VI. 


List of aoricultural Publications— cow <W. 


No. 

Title 

Author 

Where published 


Veterinary — conoid. 


86 

Annual Report of the Civil Veteri- 
nary Department in Mysore, 
1924-26. 

Issued by the Department 
of Agriculture, Mysore 
State. 

Government Press* Ban- 
galore. 

87 

The Indian Veterinary Journal 
(Quarterly). Annual subs- 

cription, Re. 4 for members of 
All-India Veterinary Associa- 
tion and students ; ' Rs, 8 for 
others. 

P. Srinivasa Rao, G.M. V.C.* 
Editor. 

Methodist Publishing 

House, Madras. 


A FEW COPIES 

OF 

Dr. E. J. BUTLER’S 

FUNGI AND DISEASE IN PLANTS 


Available for sale 


Price, Rt. 15. Pott«*e eitm. 

Apply to — 

The Director* Agricultural Research Institute* 

Pusa^ BIHAR* 




INDEX TO VOL. XXI 

1926 


A 

Paow 

Achras sapota. Preservation of — by refrigeration . . . , . , 401 

Agrkjultural and mechanical engineering in India. D. Clouston . . 471 

,, co-operation IN Denmark .. .. .. 371 

,, Department. Scope of a modern — . G. S Henderson . , 2dl 

,, development of the canal tracts of the Bombay Deccan. 

T F M iin . . , . . , . . 343 

,, experiments at Rothamsted . . . . . . 383 

,, holdings in India. Average size of — . . . . 108 

,, problems of India . . . . 86, 107, 171, 261, 471 

„ progress IN India Recent— .. .. .. 43 

,, publications in India : 

(1) From Ist August 1925 to 31 si Janiiarv 1926 . . 243 

(2) From Ist February to 31st July 1926 . . . . 197 

,, Research Institute, Pusa . . . . . . 1 

,, SCIENCE at Rothamsted Investigations in--. E. J. 

Russell . , . . . . . . . . 383 

„ situation ; ECONOMK^ effects of FLUCTUATIN(5 PRICE. G. 

F. Warren and F. A, Pearson (Review) . . . . 78 

Agriculture. Co-operative movement in Danish - . . . • 371 

,, Development of — in India . . 43, 86, 107, 171, 261, 471 

,, Fourteentli meeting of Board of — in India . . . . 81 

„ Irrigation and — . . . . . . . . 174 

Maynard Qanga Ram Prize for development of — . . 233 

„ New Books on — and allied subjects 80, 163, 242, 342, 416, 496 

„ Recent progress in India’s ~ . . . . . . 43 

„ Royal Commission on — ^in India . , . . . . 337 

„ Should — (In India) be encouraged ? H. Calvert . . 107 

Agriculture and science. Albert Howard . . . . . • 171 

„ Norwegian. 0. T. Bjanes (Review) . , . . . . 493 

American OOTTON. Regulations for import of — into British India 154, 237 

Andropogon Sorghum. Cross^fertilization in — . . . . — 366 



u 


Index to vol, xxi 


Page 

Animal diseases. Recent advances in combating of — 6, 96, 318, 361, 419 

„ HusBANDBY. Development of — in India . . . . 48, 166 

„ NUTRITION . . . . . . 18, 140, 447, 476 

Aphis leouminos.®. Dissemination of rosette disease of groundnut by — . . 68 


B 


Babesu bigeminum . . . . . . . . . . 314 

Baoterial action. Causes of infertility in soils in relation to — . . 125 

„ deterioration op seed cotton . . . . . . 487 

Balls, W. Lawrence. Best field method for sowing cotton . . . . 161 

Banana. Preservation of — by refrigeration . . . . . . 404 

Bennett, S. C. J. Hremorrhagic septicssmia in cattle in India . . . . 361 

Black soils. Cotton growing problems of — ^in India . . . . 318 

Blackquarter in cattle and sheep. Vaccination against — . . . . 419 

Board op Agriculture in India. Fourteenth meeting of — . M. Carbery 81 
Bollworm larv® (pink). Sui-vival of — in buried seed during winter in 

Egypt . . . . . . 69 

Books. New — on agriculture and allied subjects . . 80, 163, 242, 342, 416, 496 

Breeding. Cattle — ^in India . . . . . . 48- 166 

;, Cotton - . . . . . . ... 305, 433 

„ Poultry— in India .. .. .. 69,210, 102,481 

„ Rice — in Burma . . . . . . . . 295 

„ Sugarcane — ^technique . . . . . . 101, 203 

Breeds of Indian cattle : II. The Ongole or Nellore breed. W. Smith 

and R. W. Littlewood . . . . . . 253 

British Empire. Organization of research throughout . . 216, 321 

Brownlie, T. A. Miller. Plain and reinforced concrete construction sim- 
plified . . . . . . . . 31 

Burma, Lower. Paddy improvement in — . . . . , . 295 

Butler, E. J. WUt diseases of cotton and sesamum in India . . . . 268 


c 

Calcium cyanamide. R. G. Munn . . . . . . . . 334 

Calvert, H. Co-operative movement in India . . . . . . 183 

„ „ Should agriculture (in Int^) be encouraged ? . . . . 107 



INDEX TO VOL. XXI 


Page 


Cane BREEDING IN India .. ,, .. .. 101,203 

„ HARVEST. Fixing the time of — Sut Ni Quar . . . . . . 398 

Canal tracts or Bombay Deccan. Agricultural development of — . . 343 

Canning mangoes. Notes on — . S. K. Mitra . . . . . . 38 

Carbery, M. Fourteenth meeting of Board of Agriculture in India . . 81 

Cattle. Feeding of — for milk production . . . . . . 18 

„ Heemorrhagic septicsemia in — ^in India . . . . . . 351 

„ Ongole or Nellore breed of — . . . . . . . . 253 

„ Nutrition of— . . . . . . . . 18, 140, 447, 475 

„ Piroplasmoses of— -in India . . . . . . . . 313 

„ Some recent advances in the protection of — and other animals 

against disease . . . . 6, 95, 313, 351, 419 

„ Vaccination against blackquarter in— . . . . . . 419 

Cattle Conference. W. J. Jenkins . . . . . . . . 165 

„ feeding. Errors in — . . . . . . . . 475 

„ FEEDS. Factors affecting cost of — for milk production . . . . 18 

,, Kelation between net energy va’ue of - and digestibility 447 
„ „ Stalls and harness used in study of nitrogen metabolism 

and nutritive value of — . . . . . . 347 

„ IMPROVEMENT IN InDIA . . . . . . 48, 166 

Central Provinces. Eradication of kans by motor tractors in — . . 27 

Cheema, G. S., and Gandhi, S. R. Refrigeration as a means of preserving 

mangoes and other tropical fruits . . 403 

Chromosomal mutations in Uvularia. Origin of — . . . . 486 

Clouston, D. Agricultural and mechanical engineering in India . . 471 

„ ,, Presidential address to Board of Agriculture, 1925 . . 86 

Coconut caterpillar. Control of -by its parasites. Y. Raniachandra Rao 452 

Compost. John H. Ritch-e . . . . . . . . . . 36 

Concrete construction. Plain and reinforced— simplified. T. A. Miller 

Brownlie . . . . . . 31 

Cook, 0. F. Cotton improvement laws in California . . . . 393 

Cooper, Hugh. Piroplasmoses of cattle in India . . . . . . 313 

„ „ Tick-borne diseases, with some remarks on the diseases of 

cattle caused by protozoa . . . . . . 95 

Co-operative dairying in India ; A plea. W. Smith . . . . 194 

„ movement in India. H. Calvert . . . . . . 183 

„ organization and development of seed industry in 

Denmark. W. J. Jenkins . . . . . . 371 

Cotton. Bacterial deterioration of seed — .. .. .. .487 

„ Best field method for sowing — . . . . . . 161 



IV 


INDEX TO VOL. XXI 


Page 

Cotton. Cultivation of — ^in Barbados . . . . . . . . 41J 

,, „ „ in S. Africa and S. Rhodesia . . . . 488 

M „ „ in Turkey . . . . . . , . 70 

„ „ inU. S. A. .. .. .. .. 71 

,, Production of^ — in Queensland . . . . . . 489 

„ Selection of — ^in U. S. A. . . . . . . . . 70 

,, Variety tests with - in Egypt . . . . . . . . 408 

,, Wilt disease of — . . . . . . . . . . 268 

Cotton, American. Regulations for import of — into British India 154, 237 

„ BOLLWORM (pink) larv^. Survival of— in buried seed . . 69 

crop. Preparation of organic matter for — . . . . 486 

„ ITBRE. Inheritance of length of — in Indian cottons . . . . 433 

„ „ Study of—. A. James Turner . . . . . . 274 

„ FLEA IN S. Texas . . . . . . . . . . 409 

„ Growing Corporation. Empire— . . . . . . 327 

„ GROWING COUNTRIES : PRESENT AND POTENTlAr, PRODUCTION, TRADE 

AND CONSUMPTION. (Review) .. .. .. 415 

„ GROWING PROBLEMS OP bLack SOILS IN INDIA. Albert Howard and 

H. A. Hyde . . 318 

„ HAIRS. Reversing spiral measiuements of — . . . . 410 

,, Structure and swelling of— .. .. .. 411 

„ IMPROVEMENT LAWS IN CaLIFORMA. 0. F. Cook .. .. 393 

„ PI.ANT. Improvement of — . Trevor Trought . . . . 305 

„ PLANT IN India. Growth of— R. S. Inamdar, S. B. Mngh and T. 

D. Pande (Review) . . . . . . 75 

,, PLANTS. Crossing of Asiatic and American— . . . . 461 

,, RAW. Mixing of — . . . . . . . . . . -488 

j, „ Wax content of — . . . . . . . . 489 

„ ROOT ROT FUNGUS .. .. .. .. .. 410 

„ Sea Island. Cultivation of — . . . . . . . . 409 

„ SEED. Delinting and recleaning of — . . . . . . 71 

„ „ Supply of — in U. S. A. . . * . . . . . . 72 

„ „ Survival of pink bollworm Lirvse in buried — . . . . 69 

„ SORE-SHIN FUNGUS. Culture of — . . . . . . 408 

Cottons (Asiatic). Hybrid between American and — .. .. 461 

„ (Indian). Length of fibre and ginning percentage in—. Rama 

Prasada . . . . . . . . 433 

Crop improvement in India . . . . . . . . 43 

„ PRODUCTION AND SOIL MANAGEMENT. Joseph F. Cox (Review) . . 241 

Crops. Boot development of field — . t . . . . . . 492 



INDEX TO VOL. XXI 


V 


Page 

Cross-fertilization in jowar. Extent of natural— . . . . 366 

Crossing of Asiatic and American coiton plants . . . . 460 

Cultivation, ridge . . . . . . . . . . 377 

D 


Dairy cattle. Feeding of — . . . , . . . . 18 

„ ,, Nellore breed of — . . . . . . . . 265 

irrENSiLS. Elimination of germs from — . . . . . . 233 

Dairying, Co-ojierative— in India. W. Smith . . . . . . 194 

,, Development of — ^in India .. .. .. 49,165 

Dastur, Jehangir Fardunji. a mosaic-like disease of sugarcane in the 

Central Provinces in 1926 . . . . 429 

Denmark. Co-operative organizat on of seed industry in— . . . . 371 

Desai, Bhimbhai M. Ridge cultivation . . . . . . 377 

Development of ACRKTU/ruRE in India . . . . 43, 107, 261 

Digestibility of caitle food. Relation between net energy value and — 447 

Disease. Elackcjuarter — in cattle in India .. .. .. 419 

,, Hfleinorrhagic septiciPinia — in cattle in India .. .. 351 

,, Johne’s among cattle . . . . . . . . 6 

,, Mosaic — of sugarcane in India .. .. ..198 

,, Mosaic-like- of sugarcane in (Vntral Provinces . . . . P29 

,, Protection of cattle against — . . 6, 95, 313, 351,419 

,, Rosette— of groundnut .. .. .. *. 68 

,, Streak— of sugarcane in Central Provinces . . . . 431 

Diseases. Cattle caused by protozoa . . . . . . . . 95 

,, Tick-borne-- of cattle .. .. .. ..95 

„ Wilt— of cotton and sesamum . . . . • • ^68 

Diseases of plants. Methods of attacking — . . . . . . 179 

Dobbs, A. C. A new use for nitrates . . . . . . . . 148 


E 

Edwards, J. T. Johne’s disease 

Egg-laying test, Lucknow, 1925-26. Report on ~ A. K. Fawkes 
Eggs. Storage of — . T. Moran and J. Pique (Review) 

Empire Cotton Growing Corporation . . 

„ BBSEAJICB organization 


6 

. . 48i 
. . 414 
. . 327 
216, 321 



VI 


tNBBX TO VOIi. XXI 


Faob 

Energy vaI/UB op cattle food. Kelation between net — and digestibility. 


F. J. Warth .. .. ..447 

Ensilage. Pit method of mahing — . . . . . . . • 236 

Entomology. Imperial Bureau of— . . . . . . • ^ 321 

„ Manual of — ^in Marathi. (Review) . . . . . . 341 


F 


Farmyard manure. Losses through use of — as fuel . . . . 116 

„ „ Synthetic — . . . . . . . . 66 

Fawkes, A. K. Egg-laying test, Lucknow, 1926-26 . . . . 481 

„ „ „ Improving the village fowl of India - . . . 69 

„ „ „ Possibilities of developing poultry industry in India . . 210 

„ „ „ Village poultry industry of Etah, U. P. . . . . 402 

Feeding of live-stock. Errors in — . T. B. Wood . . . . 476 

Fertilizer. Calcium cyanamide as — . . . . . . . . 334 

Fibre. Inheritance of length of — in Indian cottons . . . . 433 

Field crops. Root-development of — . J. E. Weaver (Review) . . 492 

Flowering of sugarcanes. Manmathanath Ghosh . . . . 14 

Fowl, Indian. Improving the village — . . . . . . 69 

Fodders, Relation between net energy value and digestibility of — . . 447 

„ Storing of — ^in pit silos . . . . . . . . 236 

Fruits. Refrigeration as a means of preserving tropical — . . . . 403 

Fuel, Use of manure as — . . . . . . , . , . 116 

Fumigation of American cotton imported into India . . . . 237 

Fumriutn vasinfectvm . . . . . . . . . . 268 


0 

Gandhi, S. R., and Cheema, G. S. Refrigeration as a means of preserving 


mangoes and other tropical fruits . . 408 

Ganga Ram Maynard Prize for development op agriculture . . 233 

Gangulee, N., and Winogradsky, S. Direct method in microbiological 
study of soil . . . . . . . . . . 134, 244 

Ganguly, Parbsh Mohon, and Mitra, S. K. Rice seed-testing . . 421 

Germinating capacity op rice seeds . . . . . . . . 421 

Ghosh, Manmathanath. Flowering of sugarcanes . . . . . . 14 

Ginning percentage. Inheritance of— in Indian cottons . . . . 433 

Gram. Improved Pusa varieties of— . , , . . . . , 192 



INDBX TO VOL. ZXI 


vii 
Page 

Gboundnut. Transmission of a rosette disease of — . . . . 68 

Gub. Production of refined sugar from — in India . . . . . . 406 


H 


Habibullah, Sie Muhammad. Address to Board of Agriculture, 1925 . . 91 

HaMOBBHAGIC SEPTICAEMIA IN CATTLE IN INDIA. S. C. J. Bennett . . 361 

Hemp. Improved Pusa v, rieties of — . . . . . . . . 193 

Hendeeson, G. S. Scope of a modern Agricultural Department . . 261 

Hendey, David. Lower Burma paddy and its improvement . . . . 29.6 

Heeedity in cotton . . . . . . . . 433, 460 

Holland, Thomas H. Organization of scientific research throughout the 

Empire . . . . . . 216, 321 

Howard, Albert. Agriculture and science . . . . . . 171 

Howard, Albert, and Hyde, H. A. (^otton growing problems of black 

soils in India . . . . 318 

Humidity recorders. Description of — . . . . . . 409 

Husain, M. Afzal. The late Professor Harold Max well-Lefroy. . .. 4 

Hutchinson, C. M. Causes of infertility in soils in relation to bacterial 

action . . . . . . . . 125 

„ „ : An Appreciation J. H. Walton .. .. 117 

Hybrid between Asiatic and American cotton plants. G. S. 2^itzev. . 460 

Hyde, H. A., and Howard, Albert. Cotton growing problems of black 

soils in India . . . . 318 


I 


Indian agriculture. Problems of Indian agriculture 86, 107, 171, 261, 471 
,, „ Recent progress in — . . . . . . 43 

Impeeul Bureau of Entomology . . . . . . . . 321 

„ „ „ Mycology . . . . . . . . 324 

Infertility in soils. Causes of — ^in relation to bacterial action. C. M. 

Hutcliinson . . . . . . . . 125 


Inheritance of characters in cotton . . . . 433, 460 

Insecticide. Sodium silicofluoride as — . . . . . . 408 

Insects and Pests Act. Indian Destructive — . . . . . . 336 

Ibbigation and agriculture . . . . . . . . 174 



▼iii 


IND3EX TO VOL. XXI 


3 

Page 

Jenkins, W. J. Cattle Conference . . . . . . _ ^ lg5 

,, ,, ,, Co-operative organization and development of seed industry 

in Denmark . . . . , . ^ 372 

Johnk’s DISEASE. J. T. Edwardfi .. .. .. ,, g 

JowAU. Extent of natural cross-fertilization in — . G. B. Patel .. 36 G 

Jute cultivation in the United Provinces. T. II. Low . . . . 330 


K 

Kans. Eradication of — ^by tractors . . . . . . . . 27 

L 

Land and THE Nation. Rural Report of the Liberal Land Committee, 

1923-25 (Review) . . , , _ . 259 

Lander, P. E., Stalls and harness used in the study of nitrogen metabolism 

and nutritive vulue of cattle feeds . . . . 347 

Lander, P. E. . and Mukand Lal, M. Use of manure as fuel . . . . 115 

Leeroy, Harold Maxwell. The late ftofass or— : An Appreciidion. M. 

Afzal Husain . . , . , , 4 

Linseed. Im2)roved Pusa varieties of — .. ,. .. ..191 

Lint. Relation between length of — and ginning percentage . . . . 433 

Littlewood, R. W., and Smith, W. Ongole or Nellore breed of Indian 

cattle . . . . . . 253 

Live-stock. Errors in feeding — . T. B. Wood . . . . . . 475 

Livestoi’k improvement in India . . . . , . 43^ 265 253 

Low, T. R. Jute cultivation in the United Provinces . . . . 330 

M 

Main, T. F. Agricultural development of the canal tracts of the Bombay 

Deccan . . . . . . . . _ 343 

Mangoes. Canning— . . , . . . , , . 39 



INDEX TO VOL. XXI 


ix 

Page 


Manooks. Preservation of — refrigeration . . , . , . 403 

Manure. Calcium cyanam'de as— . . . . . . . . 334 

„ Sugjrcane trash as — . . . . . . . . 67 

„ Synthetic farmyard — . . . . . . . . 66 

„ Use of — as fuel. P. E. Lander and M. Mukand Lai . . . . 115 

„ Utiliz tion of weeds as — . . . . . . 36, 485 

Manurial experiments at Rothamsted . . . . . . 385 

Maynard Ganija R\m Prize for development of agriculture . . 233 

McRae, W. Mosaic disease of sugarcane in India in 1925 . . . . 198 

Microbiological study of the soil. Direct method in — . S. Winogradsky 

and N. Gangulee . . 134, 224 

Milk production. Factors affecting cost of food for — . . . . 18 

„ RECORDS. Significance of — . . . . . . . . 144 

„ YIELDS OF NeLLORE CATTLE . . . . . . . . 255 

Mitra, S. K. Mounting rice specimens for exhibition . . . . 479 

„ ,, ,, Notes on canning mangoes . . . . . . 38 

,, ,, „ AND Ganguly, Paresh Mohon. Rice seed-testing 421 

,, „ AND Phukan, Loke Nath. Wood ashes as an ameliorant of 

soil i cidity . . . . 357 

Mosaic disease of sugarcane in India in 1925. W. McRae . . . . 198 

Mosaic-like disease of sugarcane in the Central Provinces in I92(). 

J. F. Dastur . . . . . . . . . . . . 429 

Mukund Lal, M., and IjANDeb, P. E. Use of manure as fuel . . . . 115 

Munn, R. G. Calcium cvanHinide .. .. .. .. 331 

Mycology. Imperial Bureau of — . . . . . . . . 324 


N 


Naik, Kasanji D. Production of refined sugar from gur in India during 

the season 1924-25 1 . . . . . 405 

Nellore breed of Indian c.vttle . . . . . . . . 253 

Nephantis serinopa. Control of by jiarasites . . . . . . 452 

NeubaufR, H. Utilization of seedlings in cstiiu .tion of soil nutrients . . 53 

Nitrates. A new u.se for . A. C. Dobbs .. .. .. 148 

Nitrogen metabolism. Stalls and h irness used in study of— . . 347 

Norwegian agriculture. 0. T. Bjanes. (Review) . . . . 493 

Nutrition experiments. Stalls and harness used in— . . . . 347 

Nutrition OF CATTLE .. .. •• •• 16,140,447,475 



X 


INDSX TO VOL. XXI 


0 

Pagk 

Onoole breed of Indian cattle . . . . . . . 263 

Organic matter for the cotton crop. Preparation of — . . , 486 

Ozonium omnivorum . . . . . . . . . . 410 

P 

Paddy. Lower Burma — and its improvement. David Hendry . . 296 

Paddy seed-testing . . . . . . , . . . 421 

Papaya. Preservation of — by refrigeration . . . . . . 406 

Parasites op Nephantis sekinopa . . . . . . . . 462 

Patel, G. B. Natural cross-fertilization in jotwir .. .. .. 366 

Personal notes, appointments and transf-ers, meetings and confer- 
ences, ETC. . . . . . . . . 73, 157, 242, 337, 412, 490 

Phukan, Lore Nath ; and Mitra, S. K. Wood ashes as an amel orant of 

soil acidity . . . . 367 

PiROPLASMA ANNULATUM . . . . . . . . . . 316 

Piroplasmoses of cattle in India. Hugh Cooper . . . . 313 

Plants. Methods of attacking diseases of — . . . . . . 179 

Plants and organisms. Close relationship between — . . . . 388 

Plough. The romance of the — . . . , . . . . 62 

Ploughs. Improved — for India . . , . . . . . 472 

Poultry Congress. World’s — . . . . . . . . 407 

„ Exhibition and Conference. All-India — . . . . 413 

„ improvement in India . . . . . . 59, 210, 402 

„ INDUSTRY IN India. Possibilities of developing — . A. K. Fawkes 210 
Poultry industry of Etah, U. P. A. K. Fawkes , . . . 402 

Protozoa. Cattle diseases caused by — . . . . . . . . 95 

PusA Institute. Besearch \fork at — . . , . . . . . 1 

„ Scientific Association . . . , . . . . 164 

„ VABIEHES OF CROPS . . . , . . . . . . 190 

R 

EaIN as a cause OF spotting OP FOLUGE . . . . . . 486 

Bama Prasada. Length of fibre and ginning percentage in Indian cottons 483 



INDEX TO VOL. XXI 


* 

XI 

Paok 

Hao, Y. Ram\ohandra. Control of the coconut caterpillar (Nephantis 


serinopa) by its parasites . . . . 452 

Refrigeration as a means ok preserving mangoes and other tropical 
FRUITS. G. S. Cheema and S. R. Gandhi . . . . . . 403 

Research. Organization of scientific — ^throughout the Empire . . 216, 321 

Rice improvement in Lower Burma . . . . . . . . 295 

„ seed-testing. S. K. Mitra and Paresh Mohon Ganguly . . . . 421 

„ SPECIMENS FOR EXHIBITION. Mounting of—. S. K. Mitra . . 479 

Ridge cultivation. Bhimbhai M. Uesai . . . . . . 377 

Ritchie, John H. Compost . . . . . . . . 86 

„ „ „ Tractors in the Northern Circle of the Central Provinces 27 

Root-development of field crops. J. E. Weaver (Review) . . 492 

Rooitng op CANE.S. Artificial — . . . . . . . . 203 

Rosette disease of groundnut. Transmission of — . . . . 68 

Rothamsted. Investigations in agricultural science at — . . . . 383 

Royal Society of Arts . . . . . . . . . . 218 

Royal Commission on Agriculture in India . . . . . . 337 

Russell, E. J. Investigations in agricultural science at Rothamsted . . 383 


s 

Sacoharum spontaneum. Eradication of— by tractors . . . . 27 

Sayer, Wynne. Manufacture of sugar direct from cane in India . . 147 

Science. Agriculture and — . . . . . . . . 171 

Scientific RESEARCH. Organization of — throughout the Empire. Thomas 

H. Holland . . . . . . 216, 321 

Seed industry in Denmark. Co-operative organization and development 

of — . W. J. Jenkins . . . . 371 

„ OF improved VARIETIES of CROPS. Supply of — from Pusa. F. J. F. 

Shaw .. .. ..190 

Seedlings. Utilization of— in estimation of soil nutrients . . . . 53 

Seed-testing. Rice — . . . . . . . . • . 4:21 

Sesamum. Wilt disease of— . . . . . . • • 268 

Shaw, F. J. F. Supply of seed of improved varieties of crops from Pusa . . 190 

Silos. . Points about pit — . . . . . • • • • • 236 

Smith, W. Co-operative dairying in India. A plea . . . . 19 

„ „ ., AND Littlewood, R. W. Ongolc or Nellore breed of cattle . . 263 

Sheep. Vaccination against blackquartmr in — . . . . . . 419 

Sodium srucoFLUOBiDE AS iNSBCTiciDB .. .. .. .. 406 




Paob 

Soil. Direct Method in the microbiological study of—, S. Winogradsky 

and N. Gangulee .. .. .. .. 134, 924 

Soil acidity. Wood ashes as an ameliorant of — . S. K. Mitra and Loke 

Nath Phukan . . . . . . . . 357 

„ MANAGEMENT. Crop production and — , Joseph P. Cox. (Review) . . 241 

„ NUTRIENTS. Utilization of seedling.s in the estimation of — . H. 

Neubauer . . . . . . . . 53 

Soils. Causes of infertility in — . . . . , . . . 125 

Soils (black). Cotton growing problems of the— in India . . . . 318 

SoR(!HUM. Natural cross-fertilization in — . . . . . . .360 

Spotting of foliage. Rain as a cause of— , , . . . . 480 

Stalls and harness used in the study of nitrogen metabolism and 
NUTRITIVE VALUE OF CATTLE FEEDS. P. E. Lander . . . . 347 

Statistical methods for studying field data , . . . , . 388 

Sugar. Manufacture of — direct from cane in India. Wynne Saycr . . 147 

„ Production of refined — from gur in India . . . . . . 405 

Sugarcane. Flowering of— . . , . . , . , 14 

„ Manufacture of sugar direct from — in India . . . . 147 

„ Mosaic disease of— in India in 1925 .. .. ..198 

„ Mosaic-like disease, of- -in the Central Provinces in 1920 . . 429 

„ Streak disease of — of sugarcane in Central Provinces . . 431 

Sugarcane breeding technique. Isolation of live arrows from undesired 

pollen through artificial rooting of 
canes. T. 8. Venkatraman and 
R. Thomas . . . . 203 

„ GERMINATION. Studies in— . T. S. Venkatraman .. 101 

„ HARVFST. Fixing time of — . . . . . . 398 

„ TRASH AS MANURE .. .. .. ..67 

SuT Ni Quar. Fixing the time of the cane harvest . . . . 398 

Synthetic farmyard manure , . . . . . . . 65 


T 

Theileria mutans . , . . . . . . . . 315 

Thomas, R., and Venkatraman, T. S. Sugarcane-breeding technique 

Isolation of live arrows from 
undesired pollen tlmough arti- 
ficial rooting of canes , . 203 



tlSMCX TO VOL. XXl 


Xiii 

Page 

I'lOK-BORNK DISEASES OF CATTLE . . . . . . 95 

Tobacco. Improved Pusa varieties of — . . . . . . 192 

Tractors in the Northern Circle of the Central Provinces. John 

H. Kitchie . . 27 

Trought, Trevor. Improvement of the cotton plant . . . . 30") 

Turner, A. James. Study of the cotton fibre . . . . . . 274 

u 

United Provinces. Jute cultivation in the — T. R. Low . . . . :f80 

„ „ Village poultry industry of Etah, — . . . . 402 

LTvularia. Origin of chromosomal mutations in — . . . . . . 480 

V 

Vaccination against blackquarter in cattle and sheep . . . . 419 

Venkatraman, T. S. Studies in sugarcane germination . . . . 101 

„ „ „ ., AND Thomas, R. Sugarcane-breeding technique — Iso- 

lat on of live arrows from un- 
desired pollen through artificial 
rooting of canes . . . . 203 

Village fowl of India. Improving the — . A. K. Fawkes . . . . 59 

,, poultry industry ok Ktah . . . . . . . . 402 

w 

Walton, J. H. Appreciation of Mr. C. M. Hutchinson . . . . 417 

„ „ „ Elimination of germs from dairy utensils . . . . 233 

Warih, F. J. Factors affecting the cost of food for milk production . . 18 

,, „ „ Relation between net energy value and digestibility . . 447 

Weeds. Utilization of— as manure . . . . . . 36, 485 

Wheat. Improved Pusa varieties of — . . . . . . . . 190 

Wilt d.seases of cotton and besamum in India. E. J. Butler . . 268 

Winogradsky, S., and Ganoulee, N. Direct method in the microbiological 

study of soil. . 134, 224 



Jbv 


irb^L. xxi 


Wood ashes as ak ambuorant op soil Aororry. 
Wood, T. B. Errors in feeding live-stock 


S. ^K. Mitra and Loke 
Nath Phukan 


Zaitzev, 6. S. 


f 

Hybrid between Asiatic and American cotton plants 


Paob 

367 

476 

460 


iiaipo>ai^<i4o-aM47->t4M. 





• Indian Agricultural Research Institute (Pusa) 

LIBRARY, NEW DELHI-110012 
This book can be issued on or before 


Return Date 


Return Date 




